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PREFACE 


This  report  is  the  third  in  a series  documenting  activities  at  the 
National  Institutes  of  Health  with  respect  to  research  involving  recom- 
binant DNA.  Volume  1 in  the  series,  prepared  in  August  1976,  covers 
events  from  February  1975--the  Asilomar  Conference --through  June 
1976--the  issuance  of  NTH  Guidelines.  Volume  2 covers  subsequent 
events  culminating  with  those  surrounding  (but  not  including)  the  pub- 
lication of  proposed  revisions  to  the  Guidelines  as  recommended  in 
September  1977  by  the  NTH  Recombinant  DNA  Molecule  Program 
Advisory  Committee,  or  simply  Recombinant  Advisory  Committee 
(RAC). 

This  third  volume  of  the  NIH  ' public  record"  on  recombinant  DNA 
activities  is  mainly  concerned  with  current  proposed  revisions  to  the 
NIH  Guidelines.  Revision  as  needed  is  implicit  in  NIH's  responsibility 
to  provide  investigators  and  institutions  with  an  up-to-date,  definitive 
guide  to  the  safe  manipulation  of  recombinant  DNA  molecules.  The 
process  of  revision  began  early  in  1977  with  deliberations  of  the  RAC, 
the  scientific  and  technical  committee  responsible  for  proposing  and 
revising  the  Guidelines.  After  several  public  meetings  where  revision 
was  considered,  the  Committee  proposed  revised  Guidelines  to  the 
Director,  NIH,  on  September  1,  1977.  These  were  published  in  the 
Federal  Register  on  September  27,  1977,  for  public  comment.  The 
present  volume  contains  the  record  beginning  with  the  RAC-proposed 
revised  Guidelines  and  concluding  with  the  NIH-proposed  revision  pub- 
lished in  the  Federal  Register  of  July  28,  1978. 

The  NIH-proposed  Guidelines  are  accompanied  by  the  NIH  Director's 
Decision  on  the  proposed  revisions  and  an  Environmental  Impact  Assess- 
ment of  the  proposal  to  revise.  All  major  documents  relevant  to  the  two 
proposals--RAC  and  NIH--are  contained  here. 

The  three  main  documents  are  followed  by  introductory  matter  from 
a new  supplement  to  the  NIH  Guidelines- -"Laboratory  Safety  Monograph,  " 
published  in  July  1978  to  replace  Appendix  D--and  Sherwood  L.  Gorbach's 
summary  of  the  highly  significant  Falmouth  workshop  to  assess  the  risk 
of  experimentation  with  E.  coli  K-12. 


At  this  point  the  contents  revert  to  chronological  order,  beginning 
with  the  RAC-proposed  revisions.  The  comments  thereon  are  Appendix 
A (under  separate  cover).  Next  appears  material  from  the  meeting  of 
the  Director's  Advisory  Committee  (DAC),  December  15-16,  1977,  held 
to  bring  forth  the  views  of  witnesses,  invited  and  public,  on  the  RAC 
proposal.  Included  is  a summary  and  a transcript  of  the  proceedings. 

In  April  1978  the  RAC  held  an  open  meeting  to  consider  selected 
issues  from  the  Director,  NIH,  based  on  correspondence  received  and 
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the  December  public  hearing.  In  addition,  the  committee  considered 
recommendations  for  revision  of  the  Guidelines  involving  work  with 
viruses  and  plant  pathogens.  The  analysis  and  selected  issues  for  the 
committee  to  review  are  included,  along  with  a list  of  the  RAC  members. 

Correspondence  related  largely  to  proposed  legislation  follows,  in- 
cluding an  exchange  of  letters  between  Senator  Edward  M.  Kennedy  and 
NIH  Director  Donald  S.  Fredrickson  on  the  nature  of  the  limitations 
imposed  by  the  NIH  Guidelines  on  recombinant  DNA  research  in  the 
United  States  as  compared  with  such  research  in  other  nations. 

A note  is  included  on  the  status  of  the  case  Friends  of  the  Earth  v. 
Calif ano  et  al. 

Next  are  copies  of  Federal  Register  notices  of  public  meetings  and 
workshops  held  between  February 19*75  and  September  1978. 

The  volume  concludes  with  a chronology  of  major  events  associated 
with  policy  formulation  involving  recombinant  DNA  activities.  The 
chronology  extends  from  the  Gordon  Research  Conference  on  Nucleic 
Acids,  of  July  1973,  at  which  the  capability  to  perform  recombinant  DNA 
experiments  first  aroused  concern  about  potential  hazards,  to  the  antic- 
ipated promulgation  of  final  revised  Guidelines  in  November  1978. 

Appendix  A,  as  noted  above,  includes  all  comments  on  the  RAC- 
proposed  Guidelines. 

Appendix  B comprises  significant  congressional  bills,  reports,  and 
testimony.  Although  several  bills  designed  to  lend  the  force  of  law  to 
the  NIH  Guidelines  have  been  filed  in  both  House  and  Senate,  no  act  of 
Congress  has  yet  been  passed. 

Appendix  C is  a compilation  of  legal  documents  in  the  case  of  Mack 
v.  Califano  et  al.,  in  which  the  plaintiff  sought  to  enjoin  NIH  from  con- 
ducting a risk -assessment  experiment  at  the  Frederick  Cancer  Research 
Center.  The  object  of  the  experiment  was  to  identify  the  factors  that 
determine  whether  a viral  DNA  carried  in  a recombinant  molecule  can 
infect  mice.  Both  the  District  Court  of  the  District  of  Columbia  and  the 
U.S.  Court  of  Appeals  for  the  D.  C.  Circuit  found  in  favor  of  the  defen- 
dant, permitting  initiation  of  the  research. 

A fourth  volume  of  this  series  is  contemplated.  It  will  contain  the 
transcript  of  the  September  15  public  hearing  on  the  proposed  Guidelines 
and  all  comments  received  through  September  26,  1978.  It  is  also  plan- 
ned to  contain  the  final  NIH  Guidelines  and  other  pertinent  documents. 
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On  July  19,  1978,  Secretary  of  Health,  Education,  and  Welfare 
Joseph  A.  Califano,  Jr.,  approved  release  by  the  National  Institutes 
of  Health  of  its  Proposed  Revised  Guidelines  for  recombinant  DNA 
research.  Enclosed  are  the  documents  as  published  in  the  Federal 
Register  on  Friday,  July  28,  1978.  These  include:  (1)  a Dec  is  ion  of 
the  Director , NIH , relating  to  publication  of  the  proposed  revisions, 
(2)  the  Proposed  Revised  Guidel ines — NIH,  and  (3)  an  Environmental 
Impact  Assessment  of  the  proposed  action. 


The  events  leading  to  the  proposed  revisions  are  described  in 
the  "Introduction  and  Overview"  to  the  Decision . Both  the  Decision 
document  and  the  Assessment  take  into  account  all  of  the  issues  raised 
at  the  public  hearing  of  the  Advisory  Committee  to  the  Director,  NIH, 
held  in  December  1977,  and  in  correspondence  received  on  this  subject 
before  and  after  that  public  hearing. 


A public  hearing  on  the 
in  September  in  Washington, 
period  of  60  days  after  the 
July  28  will  be  considered  ( 
be  granted).  Within  45  days 
period,  final  Guidelines  wil 
Federal  Register . 


se  proposed  revisions  will  be  held  late 
D.C.  All  comments  received  during  a 
publication  of  the  Federal  Register  of 
no  extension  of  the  comment  period  will 
after  the  conclusion  of  the  comment 
1 be  promulgated  with  a notice  in  the 


I want  to  emphasize  that  these  Proposed  Revised  Guidelines  are 
not  final  and  that  the  NIH  Guidelines  on  Recombinant  DNA  Research,  as 
promulgated  in  July  1976,  continue  to  govern  NIH-suppor ted  or  -conducted 
recombinant  DNA  research. 


Because  of  your  interest  in  the  development  of  the  NIH  Guidelines, 
I would  appreciate  your  reviewing  these  proposed  revisions.  Your 
comments  are  especially  invited  on  the  scientific  and  procedural 
aspects  of  the  proposed  revisions.  All  comments  will  be  considered 
carefully  prior  to  issuance  of  final  Guidelines. 


"p\J 

Donald  S.  Fredrickson,  M.D. 


Director 
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NOTICES 
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DEPARTMENT  OF  HEALTH. 
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Statement  by  Joseph  A.  Califano.  Jr.. 

Secretary  or  Health.  Education. 

and  Welfare 

The  Director  of  the  National  Insti- 
tutes of  Health  Is  publishing  proposed 
revisions  to  the  NIH  guidelines  on  re- 
search involving  recombinant  DNA 
molecules. 

The  original  guidelines  are  being  up- 
dated in  light  of  NIHs  experience  op- 
erating under  them  and  in  light  of  our 
increasing  knowledge  about  the  poten- 
tial risks  and  benefits  of  this  research 
technique.  As  experience  accumulates, 
we  should  review  and  evaluate  the  evi- 
dence to  assure  that  the  restrictions 
imposed  are  appropriate  to  potential 
risks— strengthening  restrictions 

where  needed,  relaxing  regulation 
where  Justified. 

In  publishing  these  proposals  for 
public  comment.  I recognise  the  ex- 
traordinarily difficult  challenge  that 
developing  sensitive  but  effective  regu- 
lations in  this  field  poses  for  NIH.  for 
the  research  community,  and  for  the 
concerned  public. 

Necessarily,  this  task  poses  difficult 
questions  that  we  will  never  be  able  to 
answer  with  complete  certainty.  I 
hope  that  those  concerned  will  ana- 
lyse the  p-oposed  revisions  with  care 
and  give  us  their  views  on  the  strength 
of  the  evidence  that  supports  the  pro- 
posed revisions,  the  specif  c scientific 
and  research  containment  procedures 
that  the  proposed  revisions  require, 
and  the  procedures  and  the  standards 
they  establish  for  future  changes  in 
the  guidelines  and  for  the  exercise  of 
discretion  under  them. 

We  particularly  seek  comment  on 
the  sections  in  the  proposed  revisions 
that  establish  the  mechan<sms  for  ad- 
ministering and  revising  the  guide- 
lines. For  example,  do  the  proposed  re- 
visions strike  the  proper  balance  in  es- 
tablishing: 

The  procedures  for  permitting  oth- 
erwise prohibited  experiments  and  for 
exempting  classes  of  research  from 
the  guidelines: 

The  standards  for  the  exercise  of  ad- 
ministrative discretion  under  the 
guidelines: 

The  composition  of  the  Depart- 
ment's Recombinant  DNA  Advisory 
Committee  and  of  the  institutional 
biohazard  committees. 

To  review  the  comments  on  the  pro- 
posed revisions.  I am  establishing  a de- 
partmental renew  committee  consist- 
ing of  Mr.  Feter  Libassi.  the  Depart- 


ment's General  Counsel  (Chairper- 
son); Dr.  Donald  Fredrickson,  the  Di- 
rector of  NIH  (Vice-Chairperson):  Dr. 
Julius  Richmond.  Assistant  Secretary 
for  Health;  and  Dr.  Henry  Aaron.  As- 
sistant Secretary  for  Planning  and 
Evaluation. 

I have  asked  this  committee  to  hold 
a public  hearing  to  insure  full  and 
complete  opportunity  for  comment.  In 
order  to  hold  this  hearing  and  to  issue 
the  revised  guidelines  on  a reasonably 
prompt  schedule,  no  extension  of  the 
60-day  period  for  public  comment  will 
be  possible. 

In  preparing  these  revisions,  the  Na- 
tional Institutes  of  Health  have  al- 
ready held  19  hours  of  public  hearings 
and  have  received  continual  advice 
from  the  scientific  community  and 
from  the  public.  I want  this  open  proc- 
ess to  continue.  I urge  those  concerned 
to  help  us  fmd  the  proper  balance  by 
providing  us  with  their  comments  on 
NIH's  proposed  revisions. 

Dated  July  19.  1978. 

Joseph  A.  Califano.  Jr.. 

Secretary. 

Department  of  Health.  Education, 
and  Welfare 

NATIONAL  INST! I TIES  OF  HEALTH 

Recombinant  DNA  Research 

PROPOSED  REVISES  GUIDELINES — NTH 

This  will  introduce  three  related 
documents  that  the  National  Insti- 
tutes of  Health  (NIH>  is  p'.blishing  for 
public  comment;  (l)a  Dc  irion  of  the 
Director.  NIH.  to  publish  revised  NIH 
guidelines  for  research  involving  re- 
combinant DNA  molecules.  »2>  the 
Proposed  flensed  Guuieiinet—NIH. 
and  (3)  an  fartronTienfaf  Impact  As- 
sessment of  the  proposed  action.  The 
Secretary  of  Health.  Educa’ion.  and 
Welfare  has  approved  the  release  of 
these  documents  for  public  comment. 

As  stated  in  the  Secretary's  preface, 
we  are  particularly  concerned  that 
public  comment  be  invited  on  the  sci- 
entific ar.d  procedural  aspects  of  the 
proposed  guidelines.  A pubuc  hearing 
on  these  pro  cos*  d revisions  wul  be 
held  in  late  September  at  the  Hubert 
H.  Humphrey  Building.  Washington. 
D.C.  All  comments  received  on  or 
before  September  25.  1978.  will  be  con- 
sidered. and  no  extension  of  the  com- 
ment period  will  be  granted.  Within  45 
days  after  the  comment  period  final 
guidelines  will  be  promo' gated  with  a 
notice  in  the  Federal  Register 

The  events  leading  to  the  proposed 
revisions  are  described  in  the  "Intro- 
duction and  Overview  '*  to  the  Decision 
and  in  the  ' Foreword"  to  the  Assess- 
ment This  preface  will  orient  the 
reader  to  other  NIH  documents  that 
are  directly  related  to  the  present  pub- 
lications. One  is  the  current  Recom- 
binant DNA  Research  Guidelines,  ef- 


fective since  June  23.  1976  (published 
in  the  Federal  Register.  July  7.  1976). 
Another  is  the  Environmental  Impact 
Statement  (EIS)  on  those  guidelines, 
published  in  1977.  The  EIS.  which 
contains  a copy  of  the  guidelines,  is 
available  from  the  Government  Print- 
ing Office  (stock  No.  017-640-00413-3) 
and  in  GPO  depository  libraries 
throughout  the  country.  A third  relat- 
ed document  is  Proposed  Revised 
Guidelines  on  Recombinant  DNA  Re- 
search. which  the  NIH  Recombinant 
DNA  Advisory  Committee  (RAC)  rec- 
ommended to  the  NIH  Director  on 
September  1.  1977.  The  RAC  proposal 
was  published  in  the  Federal  Regis- 
ter. September  27.  1977.  for  public 
comment 

The  RAC-proposed  revisions  were 
discussed  at  a public  meeting  of  the 
Advisory  Committee  to  the  Director 
(DAC).  held  at  NIH  on  December  13- 
16.  1977.  The  DAC  and  special  consul- 
tants heard  witnesses  from  environ- 
mental groups,  the  scientific  communi- 
ty. industry,  etc.  All  correspondence 
from  the  public  in  response  in  the  Fed- 
eral Register  publication  was  availa- 
ble to  those  present  and  will  be  pub 
lished.  with  the  transcript  of  the  meet- 
ing and  other  documents,  as  part  of  a 
continuing  public  record  of  NIH  activi- 
ties concerning  recombinant  DNA. 
The  Director.  NIH.  acting  in  light  of 
the  2 day  discussion,  all  commentaries, 
and  the  DACs  recommendations,  has 
arrived  at  the  present  proposal— the 
Proposed  Revised  Guidelines  < NIH > — 
and  offers  it  for  public  review. 

The  current  (1976)  guidelines  con- 
tain an  appendix  entitled  "Supplemen- 
tary Information  on  Physical  Contain- 
ment." This  has  been  omitted  from 
the  present  proposed  guidelines  but.  in 
revised  ar.d  expanded  form,  will  be 
available  on  request  as  Laboratory- 
Safety  Monograph— A Supplement  to 
the  NIH  Guidelines  for  Recombinant 
DNA  Research."  For  a copy,  write  to 
the  Offire  of  Reccrr.binan?  DNA  Activ- 
ities. Building  31.  Room  4A52.  Nation- 
al Institutes  of  Health.  Bethesda.  Mi. 
20014. 

The  Environmental  Impact  Assess- 
ment is  based  on  an  intensive  analysis 
of  the  current  guidelines,  the  RAC- 
proposed  alternative,  and  the  present 
NIH  alternative.  The  conclusion  of 
this  analysis  is  that  there  would  be  no 
adverse  impact  of  the  NIH-proposed 
changes  upyr.  the  environment. 

The  guidelines  as  presently  proposed 
are  designed  to  discharge  the  continu- 
ing obligation  of  NTH  to  insure  that 
recombinant  DNA  research  goes  for- 
ward under  standards  of  safety  reflect- 
ing the  latest  scientific  knowledge,  so 
that  the  public  and  the  environment 
are  protected  from  any  hazards  while 
deriving  the  full  benefits  of  the  recom- 
binant DNA  technique. 
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f Written  comments  and  inquiries  con- 
cerning the  Proposed  Revised  Guide- 
lines should  be  addressed  to  the  Direc- 
tor, National  Institutes  of  Health,  Be- 
thesda.  Md.  20014.  All  comments  re- 
ceived win  be  available  for  public  in- 
spection at  the  Director's  office  on 
weekdays  (Federal  holidays  excepted! 
between  the  hours  of  8:3,0  a.m.  and  5 
pm. 

Dated:  July  19. 1978. 

Donald  S.  Fredrickson, 
Director, 

National  Institutes  of  Health. 

Decision  or  the  Director,  National 
Institutes  or  Health,  To  Issue  Re- 
vised Guidelines  for  Recombinant 
DNA  Research 

July  19, 1978. 
Contents 

Introduction  and  overview. 

Scope  and  applicability  of  guide- 
lines. 

Containment. 

Containment  guidelines  for  covered 
experiments. 

Roles  and  responsibilities. 
Organization  of  document  and  ab- 
breviations used. 

I.  Scope  of  the  guidelines. 

Review  of  RAC  proposed  guidelines. 
Review  of  comments  and  NIH  pro- 
posed guidelines. 

IL  Containment. 

Physical  containment. 

Review  of  RAC  proposed  guide- 
lines. 

Review  of  comments  and  NIH  pro- 
posed guidelines. 

Biological  containment. 

Review  of  RAC  proposed  guide- 
lines. 

Review  of  comments  and  NIH  pro- 
posed guidelines. 

III.  Containment  guidelines  for  cov- 
ered experiments. 

Review  of  RAC  proposed  guidelines. 
Review  of  comments  and  NIH  pro- 
posed guidelines  (general). 

Specific  considerations. 

IV.  Roles  and  responsibilities. 

Review  of  RAC  proposed  guidelines. 
Review  of  comments  and  NIH  pro- 
posed guidelines. 

Introduction  and  Overview 

Today,  with  the  concurrence  of  the 
Secretary  of  Health,  Education,  and 
Welfare,  and  the  Assistant  Secretary 
for  Health,  I am  proposing  revisions  to 
the  NIH  Guidelines  for  Recombinant 
DNA  Research.!  I)  These  Guidelines 
were  first  issued  on  June  23,  1976.  The 
proposed  revisions  result  from  a con- 
tinuing process  of  scientific  and  public 
exchange  similar  to  that  of  the  1976 
edition.  This  overview  sketches  the 
background  for  proposed  revisions  and 
summarizes  the  proposed  changes.  It 
references  accompanying  documents 


NOTICES 

and  other  pertinent  sources  of  infor- 
mation. 

The  probable  risks  and  benefits  of 
recombinant  DNA  research— the 
larger  subject  of  which  the  NIH 
Guidelines  are  a part— have  been  dis- 
cussed in  numerous  forums  since  first 
addressed  in  1973.(2)  Congress  1ms 
held  multiple  hearings  cm  related 
issues,  including  proposals  to  convert 
the  Guidelines  to  Federal  regula- 
tions! J)  and  redefine  recombinant 
DNA  research  to  narrow  the  range  of 
experiments  subject  to  regulation*. 
Early  in  1977  the  NIH  Recombinant 
DNA  Advisory  Committee  (RAC),  the 
scientific  and  technical  committee  re- 
sponsible for  proposing  revision*  to 
the  Guidelines,  began  its  task  of  iden- 
tifying changes  needed  in  the  Guide- 
lines and  forwarded  suggestions  to  me 
for  consideration.  In  order  that  public 
comments  could  be  heard  on  the  RAC- 
proposed  revisions,  published  in  Sep- 
tember 1977,(4)  a meeting  of  the  Advi- 
sory Committee  to  the  Director,  NIH 
(DAC),  the  committee  responsible  for 
public  oversight,  was  held  in  Decem- 
ber. The  extensive  record  of  this  hear- 
ing bears  witness  to  almost  unanimous 
agreement  that  the  original  Guide- 
lines badly  need  updating,  and  sug- 
gests numerous  directions  in  which  re- 
visions might  move.!  5) 

Much  of  the  discussion  at  the  De- 
cember 1977  meeting  of  the  DAC  af- 
firmed the  need  for  continuous  reeva- 
luation of  the  scientific  premises  un- 
derlying the  original  Guidelines.  Since 
Asilomar,(2)  growing  evidence  has  sug- 
gested that  other  experts  ought  to 
review  the  concerns  of  the  molecular 
biologists  who  first  raised  questions 
about  the  safety  of  recombinant  DNA 
research.  Scrutiny  from  experts  In  in- 
fectious diseases,  epidemiology,  viro- 
logy, botany,  ecology,  laboratory 
safety,  and  other  disciplines  has  been 
needed.  NTH  sponsored  a workshop  for 
this  purpose  at  Falmouth,  Mass^  C 
months  before  the  DAC  meeting. 
Here,  old  and  new  Information  about 
E.  coli  K-12— the  host  most  used  in  re- 
combinant DNA  experiments— was  In- 
terpreted carefully.  From  this  came  a 
consensus  that  the  chances  of  this 
host  being  convertible  to  an  epidemic 
pathogen  are  negligible. 

Those  attending  the  December  DAC 
meeting  also  heard  complaints  that 
containment  levels  were  set  too  strin- 
gently for  recombinant  DNA  work  on 
viruses  and  plants.  This  applied  both 
to  the  original  Guidelines  and  to  the 
revisions  proposed  in  September  1977. 
A decision  was  made  to  address  the 
issues  through  workshops  without 
delay. 

One  of  these  workshops,  held  at 
Ascot,  England,  dealt  specifically  with 
viruses.!  7)  Here,  experts  from  several 
countries,  most  of  whom  had  no  stake 
in  recombinant  DNA  experiments. 
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reached  an  unequivocal  opinion  that 
the  risks  of  cloning  viral  DNA  in  a bac- 
terium like  E.  coli  K-12  are  not  great- 
er, and  are  usually  much  less,  than  the 
risks  of  handling  the  parent  virus 
atone.  They  also  stressed  that  defec- 
tive viruses  pose  little  risk  of  Infection 
when  used  as  vectors  for  cloning  DNA 
in  eukaryotic  cells,  since  the  cells 
cannot  survive  outside  permissive  labo- 
ratory conditions  and  the  virus  cannot 
escape  in  a viable  form.  A second 
working  group,  meeting  in  Bethes- 
da,(7)  then  reviewed  the  conclusions. 
It  agreed  that  the  original  Guidelines 
imposed  stricter  containment  on  use 
of  viral  DNA  or  of  viruses  as  vectors 
than  could  be  justified  by  any  availa- 
ble fact,  and  recommended  changes. 

A group  of  agricultural  scientists 
met  in  Washington,  D.C.,  in  March 
1978(8)  to  consider  the  containment 
conditions  for  incorporation  of  DNA 
from  plant  pathogens  into  & coti  K-12 
and  for  use  of  viral  and  other  vectors 
in  plants.  An  important  concept  dis- 
cussed at  this  workshop  is  the  lack  of 
evidence  that  E.  coli  K-12,  or  any 
other  strain  of  this  bacterium,  is  capa- 
ble of  acquiring  an  ecological  niche  In 
plants  and  thus  infecting  them. 

On  April  27-28,  1978,  the  RAC  con- 
sidered the  recommendations  concern- 
ing viruses  and  plants  and  agreed  with 
most  of  them.  With  a few  changes, 
they  are  a part  of  the  proposed  revi- 
sion. 

At  the  December  1977  hearings 
before  the  DAC,  other  aspects  of  the 
Guidelines  evoked  requests  for  revi- 
sions.! 5)  There  was  overwhelming  sen- 
timent for  exempting  from  the  Guide- 
lines experiments  involving  recombin- 
ation of  DNA  within  the  same  strains 
or  from  pairs  of  organisms  that  trans- 
fer genes  in  nature.  Discretion  to 
exempt  such  experiments  is  not  pro- 
vided in  the  original  Guidelines;  nor 
does  one  find  there  the  flexibility  to 
permit  other  experiments  for  purposes 
of  risk  assessments  needed  to  deter- 
mine the  merits  of  particular  stand- 
ards, or  how  these  should  be  revised. 
Other  criticisms  of  the  Guidelines 
stressed  the  delays  and  confusion  cre- 
ated by  excessive  centralization  of  ad- 
ministrative control,  and  it  is  evident 
that  implementing  procedures  must  be 
changed. 

Certain  background  elements  merit 
comment.  Shortly  after  the  NIH 
Guidelines  were  published,  the  British 
guidelines  appeared.!  9)  Subsequently 
other  national  guidelines  have  been 
issued,  most  recently  those  of  the 
Soviet  Union.  Many  international  as- 
pects of  DNA  research  and  its  regula- 
tion have  been  reviewed  elsewhere.!  9) 
The  December  1977  DAC  meeting  di- 
rected attention  to  instances  where 
the  NIH  Guidelines  either  exclude  ex- 
periments that  have  been  conducted 
abroad  or  make  them  far  more  diffl- 
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cult  to  do .(70)  Moreover,  factual  bases 
for  the  greater  stringency  of  the  U.S. 
(NIH)  Guidelines  cannot  be  shown. 

Five  years  have  passed  since  con- 
cerns were  first  raised  about  the  hypo- 
thetical hazards  of  laboratory  experi- 
ments with  recombinant  DNA.  The 
thousands  of  individual  applications  of 
such  techniques  have  produced  much 
useful  Itnowledge.  but  no  evidence  has 
come  to  light  of  a product  created  by 
these  techniques  that  has  been  harm- 
ful to  man  or  the  environment.  For- 
eign genes  Inserted  into  prokaryotic 
host-vector  systems  have  been  faith- 
fully replicated  and  produced  in  quan- 
tities valuable  to  science.  On  the  other 
hand,  prokaryotes  generally  have  not 
been  able  to  translate  eukaryotic 
genes  Into  biologically  active  proteins. 
No  new  facts  or  unconsidered  older 
ones  have  emerged  to  support  the 
fears  of  harmful  effects,  and  one 
prominent  early  proponent  of  guide- 
lines has  repudiated  his  support  for 
them.(ff)  At  the  least,  there  is  grow- 
ing sentiment  that  the  burden  of 
proof  is  shifting  toward  those  who 
would  restrict  recombinant  DNA  re- 
search.f  J2) 

Although  clearly  the  time  has  come 
to  revise  the  original  NIH  Guidelines 
for  Recombinant  DNA  Research,  it  is 
not  the  time  to  conclude  that  they  are 
being  altered  in  preparation  for  their 
early  abandonment.  Understanding  of 
gene  regulation  and  expression  is  In- 
creasing inexorably  and  at  an  awe- 
some pace.  We  may  predict  that  ways 
will  be  found  to  achieve  and  control 
the  translation  of  foreign  genes  by  a 
variety  of  hosts.dJ)  As  the  barriers  to 
translation  are  dropped,  some  of  the 
larger  promise  of  recombinant  tech- 
nology will  be  realized.  In  some  pro- 
portion to  the  harvest  of  positive  re- 
sults. a capability  must  be  maintained 
for  observing  any  capacity  of  these  ex- 
periments to  yield  harmful  products, 
and  for  communicating  this  to  all  who 
have  an  Interest  in  similar  experi- 
ments. 

In  preparation  for  this  next  phase  of 
recombinant  DNA  research,  several 
shifts  in  NIH  guidance  are  necessary. 
Experiments  posing  no  threat  to 
safety  must  be  exempted  from  the 
Guidelines:  and  provisions  must  be 
made  to  remove  others  as  soon  as  their 
harmlessness  becomes  evident.  Any 
universal  rules  Imposed  on  this  kind  of 
activity  derive  validity  from  continual 
modification  dictated  by  results  of  the 
experimentation  they  govern. 

Primary  responsibility  for  comliance 
with  the  rules  must  be  located  where 
the  work  is  done.  There  it  must  be 
shared  fully  by  principal  investigators, 
those  who  work  In  their  laboratories, 
institutional  biosafety  committees, 
and  the  institutional  leaders.  The  NIH 
Office  of  Recombinant  DNA  Activities 
(ORDA)  should  be  relieved  of  its 


burden  of  obligatory  prior  approval  of 
certain  experiments,  so  that  it  can 
better  carry  out.  along  with  the  RAC. 
two  central  functions.  These  are  the 
continuing  synthesis  and  Interpreta- 
tion of  the  Guidelines,  and  the  main- 
tenance of  full  communication  among 
all  who  must  use  them. 

To  recapitulate,  these  new  proposed 
Guidelines  arose  from  a proposal 
made  to  me  by  the  RAC  in  September 
1977.  Numerous  amendments  have 
been  made  on  the  basis  of  public  com- 
ments received  at  the  December  1977 
hearing,  in  extensive  correspondence 
before  and  after  that,  and  recommen- 
dations of  special  expert  workshops 
whose  reports  were  then  assessed  by 
the  RAC  in  April  1978.  The  proposal 
and  the  amendments  have  been  the 
products  of  long  and  Intense  participa- 
tion by  numerous  persons  represent- 
ing many  points  of  view.  I now  summa- 
rize the  more  Important  proposed 
changes.  The  basis  for  decision  on 
each  element  of  revision  is  provided  In 
detail  in  subsequent  sections  of  this 
document. 

SCOPE  AND  APPLICABILITY  OP  THE 
GUIDELINES 

Recombinant  DNA  containing  syn- 
thetic sequences  is  now  explicitly  part 
of  the  definition  of  what  is  included 
under  the  Guidelines.  The  standards 
of  the  Guidelines  now  apply  to  all  re- 
combinant DNA  experiments  conduct- 
ed in  an  institution  that  receives  any 
support  from  NIH  for  recombinant 
DNA  research.  This  includes  a regis- 
tration requirement. 

The  original  Guidelines  contain  a 
number  of  prohibited  experiments. 
There  was  little  sentiment  for  the  re- 
moval of  all  the  original  prohibitions— 
although  it  has  been  noted  that  the 
U.S.  (NIH)  Guidelines  are  the  only  na- 
tional guidelines  to  stipulate  “prohib- 
ited ' activities.  The  original  prohibi- 
tions. with  one  modification  and  a nec- 
essary “flexibility"  clause.fil)  are 
therefore  retained  In  the  proposed  re- 
vision. They  Immedip.tely  precede  a 
new  section  called  “Exemptions"— a 
juxtaposition  chosen  to  emphasize 
that  the  prohibitions  still  override. 

The  first  exemption  from  the  guide- 
lines covers  the  handling  of  DNA  out- 
side a host  organism  or  virus.  Such 
“naked  DNA"  has  been  handled  In  lab- 
oratories for  years  and  is  rapidly  Inac- 
tivated In  nature. 

The  exempted  experiments  of  the 
second  class  consist  essentially  in  rear- 
ranging. or  deleting  from,  molecules  of 
nonchromosomal  or  viral  DNA.  No  for- 
eign DNA  is  involved.  An  example 
would  be  the  Introduction  of  a DNA 
molecule  formed  from  pieces  of  SV40 
virus  into  eukaryotic  cells  in  tissue  cul- 
ture. Since  there  is  little  if  any  basis 
for  presuming  such  “rearrangement" 


or  “deletion”  experiments  to  be  haz- 
ardous. they  are  now'  excluded. 

A third  class  of  exemptions  are  ex- 
periments called  "self-cloning,”  in 
which  DNA  found  naturally  in  a host 
may  be  reinserted  into  that  host. 
These  are  reproductions  in  the  labora- 
tory of  events  that  occur  in  nature. 

Similarly,  provision  is  made  in  the 
proposed  guidelines  for  exemption  of  a 
fourth  class  of  experiments  that  in- 
volve donor-host  pairs  that  normally 
exchange  DNA.  Such  genetic  ex- 
change is  known  to  occur  widely  be- 
tween various  species  of  bacteria  and 
is  generally  mediated  by  certain  plas- 
mids or  vinises.  Experimental  recom- 
binations of  this  type  are  only  an  imi- 
tation of  what  nature  is  able  to  accom- 
plish handily  In  the  absence  of  Feder- 
al regulation.  A list  of  donor-host  pairs 
to  be  exempted  is  begun  in  this  revi- 
sion and  will  be  expanded  periodically 
as  knowledge  grows.  The  initial  choice 
from  several  possible  lists  submitted  to 
me  by  the  RAC  is  a conservative  one. 
restricted  to  pairs  of  organisms  for 
w hich  there  is  documented  evidence  of 
natural  exchange. 

Finally,  a fifth  exemption  is  pro- 
vided for  removal  of  other  recombina- 
tions when  they  are  shown  to  be  safe. 
The  last  two  exemptions  create  some 
of  the  discretionary  power  for  modify- 
ing the  guidelines  that  was  so  lacking 
in  the  original.  Provision  will  be  made 
for  public  input  to  such  decisions, 
either  by  announcement  of  proposed 
exemptions  prior  to  consideration  by 
the  RAC  or  before  a decision  by  the 
Director  becomes  effective. 

CONTAINMENT 

I have  made  one  decision  that  will 
not  be  regarded  with  equal  pleasure  by 
all  engaged  in  recombinant  DNA  re- 
search. PI  containment  previously  per- 
mitted mouth  pipetting.  In  accord 
with  a previous  recommendation  by 
the  European  Molecular  Biology  Orga- 
nization (EMBO),  its  virus  Working 
Group  strongly  recommended  prohib- 
iting this  practice;  and  so  did  NIH 
safety  advisors.  The  RAC  at  its  meet- 
ing on  April  27-28,  1978.  recommended 
that  mouth  pipetting  be  prohibited 
only  for  those  PI  recombinant  DNA 
experiments  involving  viral  DNA. 
Rather  than  create  two  separate 
classes  of  PI.  and  in  recognition  of  the 
present  availability  of  excellent  me- 
chanical devices  for  pipetting.  I am 
proposing  that  mouth  pipetting  no 
longer  be  permitted  in  PI  contain- 
ment. Since  it  is  already  prohibited  in 
P2-P4  containment,  this  bans  the  use 
of  mouth  pipetting  for  any  experiment 
covered  by  the  Guidelines. 

CONTAINMENT  GUIDELINES  FOR  COVERED 

EXPERIMENTS 

The  recommendations  of  the  RAC, 
arising  from  the  Ascot-Bethesda  work- 
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■hops,  represent  the  first  realistic  ap- 
praisal of  any  hazards  that  might  lie 
In  the  use  of  viral  vectors  or  the  clon- 
ing of  viral  DNA.  Recombinant  tech- 
niques offer  access  to  ares  of  viral  biol- 
ogy that  are  vitally  important.  Such 
studies  should  not  be  Impeded  unnec- 
essarily. I have  accepted  the  April 
1978  recommendations  of  the  RAC  In 
this  area  with  minor  amendments. 
The  revised  guidelines  emphasize  the 
current  dictum  that  any  hazards  of 
working  with  viruses  In  recombinant 
DNA  experiments  are  maximal  at  the 
first  stage,  when  the  virus  Itself  with 
Its  full  genomic  complement  is  han- 
dled. 

The  RAC  unanimously  approved 
modest  changes  In  containment  for 
plant  experiments.  I have  also  ap- 
proved them  provisionally,  contingent 
upon  concurrence  by  the  Department 
of  Agriculture. 

A new  sentence  has  been  added  to 
the  guidelines  giving  much  needed 
flexibility  In  the  setting  of  contain- 
ment levels.  (15) 

HOLES  AITO  RESPONSIBILITIES 

Two  years’  experience  with  the 
guidelines  has  offered  valuable  tute- 
lage In  the  limits  of  external  (Federal) 
control  of  laboratory  experimentation. 
Scientists  and  their  co-workers  have 
long  experimented  with  pathogenic  or- 
ganisms, poisonous  plants  and  ani- 
mals, and  hazardous  chemicals.  The 
laboratory  Is  not  among  the  more  no- 
torious occupational  settings  for  acci- 
dents or  Illness,  and  damage  to  com- 
munity or  environment  by  basic  labo- 
ratory research  is  almost  unknown. 
Control  over  the  use  of  radioisotopes 
In  the  laboratory,  long  a Federal  pre- 
serve, is  not  comparable  to  use  of  re- 
combinant DNA  techniques;  for  the 
risks  of  using  radioisotopes  are  calcu- 
lable and  mistakes  are  easily  meas- 
ured. Thus  realistic  and  durable  stand- 
ards can  be  set.  Without  a base  for  the 
setting  of  such  standards,  convention- 
al regulation  Is  difficult  at  best,  and  at 
worst  can  be  preposterous. 

In  the  case  of  recombinant  DNA 
technology,  we  are  In  the  midst  of  a 
search  for  any  risks,  and  thus  for  ap- 
plicable standards.  The  scientists  who 
raised  the  possibility  of  risks  also  real- 
ized that  the  only  effective  safeguards 
lay  in  a maximum  enhancement  of  the 
collective  nature  of  the  scientific  proc- 
ess. The  usual  communications  net- 
works of  science  had  to  be  augmented 
and  the  evaluation  of  results  and  the 
reaching  of  consensus  accelerated. 
These  actions,  is  was  reasoned,  would 
help  establish  a set  of  Initial  rules,  and 
there  was  the  added  assumption  that 
they  could  and  should  be  kept  up  to 
date.  All  using  the  new  techniques 
would  sign  a “memorandum  of  under- 
standing” to  the  effect  that,  until 
things  became  clearer,  the  basic  com- 


munality  of  scientific  Inquiry  would  be 
especially  emphasized  In  any  work 
with  recombinant  DNA  techniques. 

The  power  of  the  Government  to  re- 
quire such  discipline  of  its  grantees 
was  an  attractive  reason  for  the  scien- 
tists to  request  Federal  Intervention. 
And  the  Federal  capacity  to  achieve 
the  essential  communication  and  con- 
sensus-building has  been  one  of  the 
most  positive  results  of  this  experi- 
ment in  adminstration.  But  the  price 
of  Fedeal  Intervention  Includes  a 
heavy  tax  of  formalism.  In  the  In- 
stance of  these  guidelines,  diverse 
pressures  have  made  difficult  the  ap- 
propriate balancing  of  substance  and 
procedure.  I have  already  alluded  to 
one  of  the  undesirable  results— a chill- 
ing Inflexibility  of  the  original  guide- 
lines— and  Its  proposed  correction  by 
revision. 

Prior  NTH  clearance  is  mandatory 
for  new  NIH  grants  and  contracts  In- 
volving recombinant  DNA  techniques 
and  for  all  projects  in  P4  facilities.  In 
the  proposed  revised  guidelines,  prior 
NIH  clearance  Is  no  longer  required 
for  changes  at  the  P1-P3  levels.  These 
changes  must  be  approved  by  the  In- 
stitutional biosafety  committee  (IBC), 
and  NIH  will  then  review  the  IBC  ac- 
tions. This  proposal  reverses  an  Octo- 
ber 1977  issuance  stating  that  changes 
In  ongoing  projects  require  prior  NIH 
clearance.  The  requirement  resulted  In 
numerous  delays  In  projects  which 
could  not  be  Justified  on  grounds  of 
safety. 

The  proposed  guidelines  would 
strengthen  Institutional  responsibil- 
ities and  authorities  In  determining 
compliance.  A full  partnership  with  all 
Investigators  and  their  institutions  is 
Intended.  The  role  of  the  IBC  Is  par- 
ticularly enhanced  through  delegation 
of  some  discretionary  powers  that 
were  previously  reserved  for  NIH  and 
the  RAC.  To  better  meet  these  obliga- 
tions, an  institution  using  P3  or  P4 
containmen  is  required  under  the  pro- 
posed guidelines  to  have  a qualified  bi- 
logical  safety  officer. 

Experience  gained  In  the  past  5 
years  In  explaining  recombinant  DNA 
technology  has  shown  how  valuable 
can  be  a community’s  activities.  At 
least  one  member  of  the  EBC  is  to  be  a 
"public  member”— Le.,  one  who  has  no 
financial  connection  with  the  Institu- 
tion. Further,  to  ensure  opportunity 
for  public  partlclation  at  the  national 
level,  procedural  are  set  forth,  as  ex- 
plained in  Part  IV  of  the  decision,  that 
provide  public  notice  and  solicit  com- 
ment on  the  major  actions  of  NIAH. 

Another  stipulation  of  the  revised 
guidelines  Is  that  failure  of  compliance 
can  lead  to  suspension  of  NTH  support 
for  recombinant  DNA  research. (1 6) 

Provision  Is  now  made  for  the  pri- 
vate sector  to  register  voluntarily  Its 
recombinant  DNA  activities  with  NIH. 


Also,  other  consulting  services,  Includ- 
ing certification  of  host-vector  sys- 
tems, will  be  provided.  The  service  will 
be  accompanied  by  protection  of  pro- 
prietary data  as  mandated  by  law. 

NIH  Issued  a draft  environmental 
impact  statement  on  the  guidelines  in 
September  1976.  This  was  revised  after 
public  comment  and  Issued  in  final 
form  In  October  1977.  It  concluded 
that  the  activities  covered  by  the 
guidelines  had  no  predictable  impact 
on  the  environment,  since  all  the  risks 
discussed  were  hypothetical.  The  EIS 
was  examined  by  a Federal  district 
court  In  1978.(17) 

In  parallel  with  the  process  of  revis- 
ing the  guidelines,  NTH  has  conducted 
an  environmental  Impact  assessment, 
Including  an  analysis  of  how  current 
experiments  supported  by  NIH  will  be 
affected  by  this  revision.  Again,  the 
activities  covered  by  the  revised  guide- 
lines deal  only  with  hypothetical  risks, 
and  thus  the  assessment  reveals  no 
predictable  Impact  on  the  environ- 
ment. Its  content  is  published  here- 
with In  a companion  document. 

ORGANIZATION  OF  THE  REMAINDER  OF 
THIS  DOCUMENT  AND  ABBREVIATIONS  USED 

The  Recombinant  DNA  Molecule 
Program  Advisory  Committee  Is  som- 
netimes  referred  to  below  as  the  Re- 
combinant DNA  Advisory  Committee 
or  Recombinant  Advisory  Committee 
or  RAC. 

The  meeting  of  the  Advisory  Com- 
mittee to  the  Director,  NIH,  which 
took  place  in  December  1977  Is  some- 
times referred  to  below  as  the  meeting 
of  the  Director’s  Advisory  Committee 
or  of  the  DAC  or  the  December  1977 
public  hearing. 

The  “NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Mole- 
cules” as  issued  on  June  23,  1976,  and 
publishes  in  the  Federal  Register  on 
July  7,  1976,  are  sometimes  referred  to 
below  as  the  original  guidelines  or  the 
1976  guidelines  or  the  current  guide- 
lines. 

The  proposed  revised  guidelines  pre- 
pared by  the  RAC  and  published  in 
the  Federal  Register  on  September 
27,  1977,  are  referred  to  below  as  the 
PRG-RAC. 

The  proposed  revised  guidelines 
which  are  being  proposed  now  by  NIH 
are  referred  to  below  as  the  PRG- 
NIH. 

The  remainder  of  this  document  is 
divided  Into  four  parts  corresponding 
to  the  four  parts  of  the  guidelines;  i.e., 
I.  Scope  of  the  Guidelines;  II.  Contain- 
ment; III.  Containment  Guidelines  for 
Covered  Experiments;  and  TV.  Roles 
and  Responsibilities. 

Within  each  of  these  four  parts 
there  are  two  subsections;  i.e..  Review 
of  RAC-Proposed  Guidelines  and 
Review  of  Comments  and  NIH-Pro- 
posed  Guidelines.  The  first  subsection 
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describes  how  the  PRG-RAC  differs 
from  the  1976  guidelines:  the  second 
describes  (1)  the  public  comments  re- 
cel,  ed  both  before  end  after  the  De- 
cember 1977  DAC  meeting,  concerning 
the  PRG-RAC.  and  <2)  the  changes 
whxh  have  been  made  in  response  to 
these  comments  leading  to  the  PP.G- 
N1B. 

Focr-SOTES  TO  I»T»OOCCTTOS  »9  OVWTTT* 

<f)  In  addition  to  the  proposed  revtoed 
guidelines  and  this  "Decision  Document.” 
there  is  also  be  ns  released  an  Environmen- 
tal 'most  Asoesemnvni.  including  numer- 
ous appendices. 

<J>  The  capability  to  perform  DMA  reeum- 
bi  ukttors.  and  the  potential  huards,  had 
become  apparent  to  scientists  at  ihe  Gordon 
Research  Conference  on  Nuclev  A.  ids  In 
July  1973.  At  their  behest  Use  National 
Academy  of  Sciences  created  a committee 
that  ortanlaed  an  irtemational  conference 
held  In  February  1*75  at  Aailo-nwr  Confer- 
ence Center.  Pacific  Grover  Call.  Atprjii- 
raatel-  150  scientists,  of  w*-om  a th-rd  were 
from  foielgn  countries,  were  pres-ut.  The 
ecminUee  aiso  called  on  the  National  Ins' I 
lutes  of  Health  to  establish  an  advisory 
committee  to  draft  guidelines  for  the  con- 
duct of  this  research  Temporary  glide  tinea 
were  issued  a.  Aslidmor  pending  jUuar.ct  of 
NIH  guidelines. 

In  response,  the  KIH  Recombinant  Advi- 
sory Coran- h tee  < formally  NIK  Rtccmbin- 
ant  DNA  Molecule  Program  Advisory  Com- 
ml'tee")  was  rstabHihed  In  Ortoto* r 1*74  to 
advise  the  Secre-ary  of  HFW.  the  Assistant 
Secretary  for  Health,  an  4 the  Direct or  of 
NIH  to  accor.ir.eh  these  tasks  The  several 
meetings  at  which  the  Recombinant  Adviso- 
ry Committee  developed  Its  proposed  guide- 
lines  in  1975  were  announced  in  the  Flsuu 
Ro  tv.nt  ana  were  open  to  U.e  public-  The 
comm.’ lee.  after  preparing  several  draft 
irrslons  of  gutdrilnea  reached  agreement 


on  a recommended  revised  re-sion.  which 
was  referred  to  the  NTH  Director  for  review 
In  Decetrber  1*75 

A special  meeting  of  the  public  advisory 
Committee  to  the  Director.  NIH.  was  con- 
vened in  February  1*76  to  review  these  pro- 
posed guidelines,  in  addition  to  current 
members  of  the  committee,  a number  of 
former  committee  members  as  well  as  other 
scicn.'fle  and  public  reur-ven  tat  ires  had 
been  Invited  to  participate  There  was  ample 
opportunity  for  comment  and  an  airing  of 
the  issues.  oo*h  by  the  committee  members 
and  the  pubi  c witnesses  All  major  points  of 
view  were  broadly  represented. 

The  proposed  guidelines  were  reviewed  by 
the  Director.  NIK.  In  the  light  of  comments 
and  suggestions  made  at  the  public  hearing 
as  well  as  extensive  written  eyn-escoodenee 
received  after  the  meeting  When  the  final 
gukte'  nes  were  released  in  June  1976.  an  ac- 
companying decision  paper  desci.bed  in 
great  detail  all  relevant  public  comments 
and  the  reason  for  accepting  or  rejecting 
specific  recorrur * r-laUons  lr.  preparing  the 
final  guideline*.  The  NTH  guidelines  and  the 
Decision  of  the  Director.  NTH.  were  pub- 
lished in  the  rno.ii  Rtcirrr*  on  July  7. 
1976  Ir  addition.  eopt-»  of  the  guidelines 
we*-*  w delv  dlv'rtbuted  to  foreign  embas- 
sies. medical  and  adentilic  journals.  KIH 
graniees  and  contractors.  and  professional 
research  societies. 

(J)  The  foUowirg  committees  have  held 
hearings  and/or  markup  srastons  oa  Recom- 
binant DNA  legists. lor 

House  - The  Subcomm  ’iiee  on  Health  and 
the  Environment  and  its  parent,  the  Com- 
mittee on  Interstate  and  Foreign  Com- 
irve*"e  the  Subcommittee  on  Svdcncc.  Re- 
search. and  Technology  and  iu  parent,  the 
Comrullee  on  Science  ana  Technology. 

Senate— The  Subcommittee  on  Health 
and  Scientific  Rtvvrdi  aid  its  parent  the 
Committee  on  Human  Revcurcea;  the  Sub- 
committee on  Science.  Technology,  and 
Space  Iu  parent  the  Committee  on  Com- 
merce. Science,  and  Transportation,  has  not 
held  any  hearings  or  markup  sessions  on 
this  topic. 
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The  following  bills  on  recombinant 
DNA  technology  have  been  formally 
introduced: 

<('  The  Recombinant  Advisory  Committee 
considered  its  proposed  revisions  at  meet- 
ings throughout  1977.  The  version  proposed 
to  the  Director.  NIH.  ir,  September  1977.  ap- 
peared in  the  Fionm.  Reoistts  on  Septem- 
ber 27.  1977. 

(Si  This  mee’ing  of  the  Director's  Adviso- 
ry Committee  took  place  In  Bethesda  on  De- 
cember 15-16.  1977  A summary  of  the  meet- 
ing appeared  in  the  recombinant  DNA  tech- 
nical bulletin,  and  the  complete  record  will 
shortly  be  published  by  KIH  In  voL  3 of  the 
series  recombinant  DN  A research. 

<6>  The  KIH -sponsored  meeting  at  Fal- 
mouth. Mass.,  on  June  20-22.  1977.  was 
charred  by  Dr  Sherwood  Go  roach  A com- 
plete record  of  this  meeting  appears  in  the 

Journal  of  Infectious  Diseases"  (May 
1978). 

(7)  The  C5.  EMBO  Workshop  to  Assess 
Risks  for  Recombinant  DNA  Experiments 
Involving  the  Genomes  of  Animal.  Plant, 
and  Insect  Viruses”  was  he’d  on  January  26- 
28.  1978.  in  Ascot.  England.  It  was  attended 
by  experts  on  viruses  from  the  United 
States.  Britain,  and  other  European  coun- 
tries. a majority  of  whom  were  not  engaged 
in  recombinant  DNA  research.  The  primary 
purpose  cf  the  meeting  was  to  conduct  a sci- 
entific and  technical  analysis  of  possible 
risks  associated  with  cioning  eukaryotic 
viral  DNA  segments  in  E.  coil  K-12  host- 
vector  systems  and  with  the  use  of  eukaryo- 
tic viruses  as  cloning  vectors  in  animal, 
plant,  and  Insect  systems.  The  report  of  the 
workshop  was  published  to  the  Federai. 
Rtcirre*  on  March  31.  1978.  and  appears  as 
appendix  E to  the  accompanying  environ- 
mental Impact  assessment.  The  results  of 
the  Ascot  meeting  were  then  reviewed  by 
another  group  of  U-S.  virologists  who  con- 
verted them  into  recommendation:  for  revi- 
sion of  the  guidelines.  This  working  group 
was  chaired  by  Dr.  Harold  Ginsberg  and 
met  on  April  8-7.  1978  Its  report  appears  as 
appendix  P to  the  accompanying  environ- 
mental impact  a^essmenh  The  report  was 
considered  by  the  Recombinant  Advisory 
Committee  at  its  April  27-28.  1978  meeting. 

(I)  The  “Workshop  on  Risk  Assessment  of 
Agricultural  Patnogens  was  held  on  March 
20  21.  1978.  in  Washington.  D C.  under  the 
auspices  of  the  National  Science  Founda- 
tion. the  Department  of  Agriculture,  and 
the  National  Institutes  of  Health.  A copy  of 
the  report  of  this  workshop  appears  as  ap- 
pendix G to  the  accompanying  environmen- 
tal impact  assessner.t. 

<»>  The  United  Kingdom  guidel’nes.  aiso 
known  as  the  Williams  report."  were  Issued 
in  August  1976.  A fairly  comprehensive 
review  of  the  international  aspects  of  re- 
combinant DNA  research,  including  issu- 
ance of  national  guidelines,  is  contained  In 
the  "Report  of  the  Federal  Interagency 
Committee  on  Recombinant  DNA  Research: 
International  Activities.”  November  1977. 
This  Is  available  from  the  Office  of  Recom- 
binant DNA  Activities.  National  Institutes 
of  Health.  Bethesda.  Md  20014. 

<J9)  Under  the  NTH  guidelines,  experi- 
ments using  prokaryotic  hosts  other  than  E. 
coii  K-12  are  severely  limited  whereas  such 
experiments  are  proceeding  in  Europe,  espe- 
cially with  Bacillus  ru&fiiu.  Certain  other 
categories  of  experiments  require  according 
to  the  NIH  guidelines,  either  P4  - EK2  or 
P3  - EKJ  containment.  Since  no  EX  3 system 
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has  as  yet  been  certified  and  since  the  first 
P4  facility  has  only  recently  been  certified, 
these  experiments  were  effectively  forbid- 
den. The  same  experiments  require  signifi- 
cantly lower  containment  under  some  Euro- 
pean guidelines. 

(ff)  Prof.  James  Watson,  in  testimony  at 
the  December  1977  DAC  meeting  and  in 
print,  has  sought  repentance  for  his  earlier 
activities  in  support  of  special  precautions 
for  recombinant  DNA  research.  ' 

(12)  The  report,  “Science  Policy  Implica- 
tions of  DNA  Recombinant  Molecule  Re- 
search,” March  1978,  of  the  Subcommittee 
on  Science,  Research,  and  Technology  of 
the  Committee  on  Science  and  Technology, 
U.S.  House  of  Representatives,  says,  “The 
burden  of  proof  of  safety  factors  should  not 
be  borne  exclusively  by  proponents  of  re- 
combinant DNA  research;  opponents  must 
assume  a corresponding  burden.” 

(13)  Significant  differences  exist  between 
prokaryotes  and  eukaryotes  in  the  ways  pro- 
teins are  synthesized  under  genic  direction, 
and  these  account  for  limitations  on  the  ap- 
parent success  of  many  recombinant  DNA 
experiments  to  date.  A major  thrust  of  cur- 
rent recombinant  DNA  research  is  in  the  di- 
rection of  overcoming  these  differences. 
There  is  every  reason  to  believe  that  this  re- 
search will  succeed.  At  my  invitation.  Dr. 
Malcolm  Martin  of  NIH  has  drawn  up  this 
brief  analysis  of  the  state-of-the-art: 

The  potential  use  of  recombinant  DNA 
techniques  to  produce  biologically  useful 
reagents  is  predicated  on:  (a)  the  faithful 
replication  of  a segment  of  foreign  DNA  in  a 
new  host  cell;  (b)  the  synthesis  of  messenger 
RNA  (mRNA)  complementary  to  the  Insert 
ed  DNA;  and  (c)  the  efficient  translation  of 
the  mRNA  into  a polypeptide.  In  nearly  all 
cases  that  have  been  examined  to  date, 
DNA,  from  both  eukaryotic  and  prokaryotic 
sources,  has  been  amplified  in  prokaryotic 
host-vector  systems.  The  fidelity  of  this 
entire  process  (a,  b,  and  c)  has  been  verified 
in  several  instances  in  which  prokaryotic 
DNA  segments  have  been  cloned  in  E.  coli 
and  resulted  in  the  synthesis  of  new  poly- 
peptides. Thus,  in  such  cases,  the  informa- 
tional content  contained  in  the  inserted  pro- 
karyotic DNA  is  expressed  as  evidenced  by 
the  synthesis  of  mRNA  and  novel  proteins. 

With  few  exceptions  (some  yeast  inserts) 
the  expression  of  eukaryotic  DNA  in  the 
form  of  biologically  active  or  biochemically 
detectable  polypeptides  in  prokaryotes  has 
not  been  demonstrated  using  chromosomal 
DNA  inserts  and  unmodified  vectors.  In 
nearly  all  cases  where  the  system  has  been 
rigorously  examined,  it  has  been  shown  that 
eukaryotic  DNA  has  replicated  in  E.  colU  in 
some  instances,  RNA  complementary  to  the 
inserted  eukaryotic  DNA  has  been  identi- 
fied. 

Messenger  RNA  synthesis  and  function  in 
E.  coli.  The  synthesis  of  messenger  RNA 
(mRNA)  in  a prokaryote,  such  as  E.  coli, 
proceeds  in  a linear  fashion  along  the  DNA 
template  of  Individual  gene  segments  or 
groups  of  related  genes.  In  nearly  all  cases 
examined,  the  mRNA  molecules  are  the 
faithful  collnear  transcripts  of  prokaryotic 
genetic  information  and  can  be  used  in  an 
unmodified  form  to  direct  the  synthesis  of 
prokaryotic  polypeptides.  The  information- 
al content  of  mRNA  corresponds  directly  to 


the  nucleotide  sequence  of  DNA  in  such  sys- 
tems (i.e.,  aU  nucleotides  present  in  a pro- 
karyotic gene  are  transcribed  into  messen- 
ger RNA  which,  in  turn,  programs  the  syn- 
thesis of  a corresponding  protein).  Control 
of  this  phase  of  gene  expression  appears  to 
be  solely  at  the  level  of  RNA  synthesis. 

In  prokaryotes  (and  eukaryotes),  nucleo- 
tide sequences  preceding  the  sequences  cor- 
responding to  the  actual  genes  play  a major 
role  in  determining  (a)  whether  a given 
DNA  sequence  will  be  transcribed  into  RNA 
and  (b)  whether  the  RNA  so  synthesized 
will  efficiently  bind  to  ribosomes,  a prereq- 
uisite for  protein  synthesis.  For  example, 
certain  DNA  sequences  Interact  with  regions 
of  RNA  polymerase  and  thereby  participate 
in  the  initiation  of  RNA  synthesis:  they  are 
not  represented  in  the  final  RNA  product. 
DNA  sequences  specifying  binding  to  ribo- 
somes are  physically  located  between  those 
for  initiation  of  RNA  synthesis  and  se- 
quences encoding  the  amino  acids  of  a par- 
ticular protein  (the  gene)  and  are  also  con- 
tained in  the  functional  mRNA  molecules. 

Messenger  RNA  synthesis  and  metabolism 
in  eukaryotes.  Our  understanding  of  gene 
regulation  and  expression  in  eukaryotic 
cells  has  Increased  markedly  during  the  past 
10  months.  A common  feature  of  all  systems 
that  have  been  carefully  evaluated  is  that 
the  initial,  faithful  RNA  copy  of  the  DNA  is 
extensively  modified  to  produce  a function- 
al form  of  mRNA.  The  final  mRNA  contains 
only  a fraction  of  the  sequences  present  in 
the  original  RNA  product.  That  is  to  say. 
portions  of  large  RNA  molecules  are  re- 
moved by  mechanisms  that  are,  at  present, 
poorly  understood  and  the  remaining  seg- 
ments of  the  primary  RNA  transcript  are 
then  rejoined  to  one  another.  In  nearly  all 
cases  an  RNA  segment  containing  a riboso- 
mal  binding  site  is  joined  to  a segment 
coding  for  a polypeptide;  in  addition,  larger 
gene  segments  are  often  joined  together. 
This  process  was  first  observed  in  animal 
virus  systems  1,  2,  where  it  was  shown  that 
viral  mRNA,  containing  the  information  for 
a product  which  had  been  previously 
mapped  to  a specific  locus  on  the  viral 
genome,  was  complementary  to  regions  of 
the  viral  DNA  which  were  separated  by 
more  than  a thousand  nucleotides. 

Support  for  the  concept  of  complex  modi- 
fication leading  to  functional  mRNA  in  eu- 
karyotic cells  has  recently  come  from  re- 
combinant DNA  experiments  in  which  chro- 
mosomal DNA  has  been  cloned  in  E.  coli. 
When  individual  cloned  eukaryotic  genes 
are  carefully  analyzed,  intervening  DNA  se- 
quences which  Interrupt  the  actual  - se- 
quence of  the  gene  in  chromosomal  DNA 
have  been  identified.  To  date,  such  intra- 
genic DNA  has  been  detected  in  ovalbumin 
(3,  4),  0 globin  (5.  6),  immunoglobulin  (7), 
and  even  tRNA  genes  (8).  In  one  instance  it 
has  been  clearly  shown  that  the  intervening 
DNA  sequences,  present  in  the  primary 
RNA  transcript  Of  /9  globin  DNA,  are  absent 
in  0 globin  mRNA  (5).  These  mechanisms 
presumably  function  in  some  regulatory 
fashion  to  modulate  eukaryotic  gene  activi- 
ty. 

Implications  tor  Recombinant  DNA  Research 

A.  The  discovery  of  the  existence  of  com- 
plex processes  involved  in  the  maturation  of 


mRNA  eukaryotic  cells  and  the  demonstra- 
tion of  intragenic  DNA  In  several  eukaryotic 
genes  suggests  that:  (1)  cloning  of  chromo- 
somal DNA  in  E.  coli  DNA  (shotgun  or  puri- 
fied) will  poee  little,  if  any,  risk  since  the 
maturation  mechanisms  have  never  been 
observed  in  prokaryotes;  and  (2)  investiga- 
tors who  wish  to  develop  prokaryotic  clon- 
ing systems  for  the  purpose  of  synthesizing 
useful  biological  products  will  utilize  cDNA 
copies  of  functional  mRNAs  er  synthetic 
DNA  with  a nucleotide  sequence  derived 
from  a known  amino  acid  sequence  as  DNA 
inserts. 

B.  Vectors  are  currently  being  "engi- 
neered" to  ensure  efficient  transcription 
and  translation  of  DNA  inserts.  Using 
slightly  different  approaches,  groups  in  San 
Franscisco  and  at  Harvard  (9-11)  are  pre- 
paring DNA  segments  which:  (1)  contain  the 
sequences  necessary  for  Interaction  with  E. 
coli  RNA  polymerase  linked  closely  to  (2) 
sequences  which  encode  a bacterial  ribo- 
some binding  site.  Such  DNA  segments  can 
then  be  added  to  a prokaryotic  cloning 
vector  next  to  the  site  into  which  a foreign 
DNA  will  be  inserted.  This  arrangement  will 
facilitate  the  transcription  of  the  Inserted 
DNA  and  enable  the  mRNA  so  synthesized 
to  bind  to  bacterial  ribosomes.  This  embel- 
lishment has  already  been  used  to  maximize 
the  expression  of  a bacteriophage  gene  and 
human  somatostatin  DNA  in  a plasmid 
vector  system  10, 11). 
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Mtta.  The  removal  at  thte  prabibitloo  *u 
pmpn— I hi  the  lepcrt  tt  the  Wortkit 
Oraup  ob  Vlnae*  wh*rt  met  on  Apr.  W, 
in*.  Hid  ihned  hr  the  RAC  at  iu  Apr 
n-m  t*m.  m«Vr»  The  re— n tog  behind 

pHcea  at  theae  Hr—  dcaed  In  A cadi 
K-12  pom  no  — rhh.  end  artaaiij  ipcMi 
u>  p— e etaariy  tan  na*.  than  wort  with  the 
whole  InJerUou*  vtraa  HeeU.  Since  NCI  rec- 

that  wort  with  theae  whale  *lr 

wee  not  he  prohibited  hwt  rather  be  pa*- 
farmed  an  her  mcnwnmml  ocothimae  ataaj- 
lar  to  P*.  there  la  no  scientific  reaaoa  to  pro- 
UWt  rinneMiletnl  DMA  wart  with  theae  vlr- 
— The  -fUxibgKy  clause  refer*  to 
power  at  the  DWector.  KIR.  to  waive  peakl- 
MJena  when  the  public  lotereat  may  be 
served  br  auch  action. 

(if)  The  Ouldellaea  aaj  at  the  beglanlar 
of  PL  m.  Otven  below  are  eowtaln— ewt 
(uldeU—e  tat  penal— hie  experiment*. 
Oa— e In  theae  levele  far  — cdflc  expert- 
aeou  (or  the  a—  nmmt  at  lev  eh  to  expert 
menu  not  explicitly  considered  In  this  sec- 
tion) may  be  crprraalj  approved  bjr  the  Di- 
rector. KIR  on  the  reoommcTVtaUon  el  the 
Recombinant  DMA  Advisory  Cc ea—Uea* 
Inaertlon  at  such  language  into  the  (Ulde- 
Unee  waa  recommended  by  the  RAC  at  IU 
Apr.  r it  1978.  meeUivt.  It  recognises  that 
the  of  rxperimenU  liven  In 

PL  HI  wfD  neeeaaarQy  be  Imperfect,  aa  In- 
vestigators tn  the  future  devise  new  *ray»  to 
conduct  recombinant  DNA  experiments  not 
currently  fart— an  and  therefore  not  explic- 
itly considered  In  the  gukieUnea.  Alse.  new 
data  may  become  available  showing  that 
certain  particular  experiments  currently  as- 
signed a particular  containment  level  are. 
Indeed,  dearly  more  (or  lem)  safe  than  envi- 
sioned at  this  time. 

(if)  See  App  C to  Che  ruldeRnea  and  Part 
IY  at  this  Decision  Document.’ 

(tT)  In  May  19TI.  a resident  of  Frederick. 
Md..  brought  suR  In  the  UiJ  DWtrVt  Court 
for  the  District  of  Columbia  to  enjoin  a pro- 
posed risk- amassment  experiment  sMrh 
was  about  to  be  ondertaAea  la  a maximum 
containment  facility  (PI)  located  at  the 
Frederick  Cancer  Research  Center.  (Mack  r. 
Caif/haa  Civil  Action  No.  77  0*14).  On  Feb- 
ruary 9.  1911  the  court  issued  a decision 
refusing  to  tra nt  the  toJucOon.  In  so  doing, 
the  court  observed  that  the  environmental 
Impact  statement  on  the  original  guidelines 
constituted  a "hard  look"  at  recombinant 
DNA  research  performed  In  accordance 
with  the  (uidellnea  The  court  further 
noted  that  compliance  with  tin  guidelines. 
It  appeared,  would  Insure  that  no  recombin- 
ant DNA  molecules  would  escape  from  the 
carefully  con  trolled  laboratory  to  the  envi- 
ronment. and  that  the  guidelines  "rep resent 
aa  effort  by  many  scientists  to  evaluate  the 
hasarrto  and  provide  safe  methods  for  their 
control." 

The  plaintiff  appealed  (Appeal  No.  78- 
1188).  and  on  Mar  8.  1978.  the  Court  of  Ap- 
peals for  the  District  of  Columbia  upheld 
the  district  court  decision. 

I.  8cor*  or  nt*  Outd*unx» 

uvntw  or  aac-protosei  guido. utxa 

It  waa  the  determination  of  the  Re- 
combinant Advisory  Committee  that 
advances  In  knowledge  pertaining  to 
recombinant  DNA  activities  In  past 
years  warranted  significant  revisions 
in  the  ' purpose.'*  'definition.**  and 


prohibition"  sections  ot  the  NIH 
guide  tinea  A comparison  ot  the  pur- 
pose* language  at  the  two  seta  af 

guidelines’  reweals  that  the  standards 
in  the  PRO-RAC  were  meant  to  per- 
tain to  recombinant  DNA  molecules  In 
organisms.  The  analogues  language  tn 
the  1978  guidelines  addresses  recom- 
binant DNA  molecules  whether  or  not 
they  are  contained  within  a oeU  or 
virus.  Tbe  rationale  for  ihM  change  Is 
that  DNA  by  Itself  (commonly  re- 
ferred to  as  "naked**  DNA)  Is  extreme- 
ly on  likely  to  be  hazardous  under  ex- 
perimental conditions,  as  ft  Is  rapidly 
Inactivated  In  nature. 

The  definition  in  the  PRG-RAC 
consisted  of  two  parts:  (1)  an  oper- 
ational dr  (In)  Lion  of  recombinant  DNA 
and  (3)  a Qualification  that  the  guide- 
lines would  pertain  only  to  "nowei"  re- 
combinant DNA**.  The  operational 
definition  does  not  differ  significantly 
from  that  In  the  original  guidelines. 

The  second  part,  however,  called  for 
the  creation  of  a list  of  organisms  that 
exchange  genetic  information  In 
nature,  mrwnvnniy  referred  to  as  "non- 
novel exchangers."  Recombinant  DNA 
formed  with  DNA  from  such  organ 
Isms  would  be  exeaapted  from  tbe  pro- 
visions of  the  PRO-RAC.  with  the  ra- 
tionale that  there  Is  no  Justification 
for  requtrtng  containment  procedures 
for  the  handling  of  recombinations 
that  occur  regularly  In  nature  and  are 
not  known  to  be  associated  with  any 
special  hazard* 

The  provision  of  an  open-ended  list- 
ing was  recommended  rather  than  Is- 
suance or  a blanket  exemption,  be- 
cause this  would  allow  the  RAC  and 
NTH  to  consider  evidence  that  (1)  the 
putative  gene  transfers  do  take  place 
naturally  and  (2)  their  exemption 
from  the  guidelines  Is  Justifiable  (see 
footnote  1 of  the  PRG-RAC). 

Although  the  PRG-RAC  deals  with 
prohibited  experiments  under  Part  IIL 
this  decision  document,  for  purposes 
that  become  apparent  below,  win  con- 
sider the  definition,  exemptions,  and 
prohibitions  together  under  section  L 

The  “prohibitions"  section  was 
called  section  III- A.  "Experiments 
That  Are  Not  To  Be  Performed.-'  in 
both  the  1976  guidelines  and  PRG- 
RAC.  Changes  from  the  1978  guide- 
lines. proposed  tn  the  PRG-RAC.  in- 
cluded minor  wording  changes  In 
Items  (HI).  (!v).  and  (vl). 

The  ability  to  grant  exemptions  for 
certain  experiments  from  tbe  ‘'prohi- 
bitions'' was  limited  in  the  1978  guide- 
lines to  only  the  sixth  prohibition 
(large-scale  experiments  with  recom- 
binant DNA’s  known  to  make  harmful 
products).  In  the  PRG-RAC  the  Dlrec- 


1 The  current  guidelines  u published  In 
the  Pro  dial  Racism.  July  7.  1978  (41  FR 
27902).  and  the  RAC  « proposed  revisions 
(PRO-RAC)  as  published  in  the  Fkdxxai 
Racism.  Sept.  27.  1977  ( 42  FR  49598). 


Mu.  NIH.  Is  gives  the  authority  to 
grant  exceptions  from  any  ot  tbe  ate 
prohibitions.  Such  a determinaban 
must  be  based  upon  the  recommenda- 
tion of  the  RAC,  and  weight  most  be 
given  In  the  decision  making  “both  to 
scientific  and  societal  benefits  and  to 
potential  risks."  The  rationale  lor  this 
proposed  change  waa  the  desire  of  the 
RAC  not  to  preclude  the  possibility  of 
conduction  such  experiments  fer  some 
compelling  social  or  scientific  rea- 
sons—for  example,  risk -assessment  ex- 
periments. 

The  sections  of  the  PRG-RAC  deal- 
ing with  purpose  of  (he  guidelines, 
definition  of  recombinant  DNA.  ex- 
emptions. and  prohibitions  evoked  a 
great  deal  of  comment  both  before 
and  after  the  December  1977  public 
hearing.  An  anytsts  of  theae  comments 
and  my  decision  tn  response  to  the 
issues  raised  are  presented  In  the  fol- 
lowing section. 

arvirw  or  comrorrs  aim  icththopostd 

GUIDELINES 

There  was  considerable  discussion  at 
the  public  hearing  over  the  scope  of 
the  guidelines.  Some  felt  that  the 
guidelines  were  too  narrow  in  their 
preoccupation  with  recombinant  DNA. 
as  there  exist  other  forms  of  genetic 
research  capable  of  producing  organ- 
isms of  unknown  potential  hazard.  It 
was  farther  suggested  that  the  title  of 
the  guidelines  be  modified  to  reflect 
the  preoccupation  with  experiments 
Involving  prokaryotes  and  cells  in  cul- 
ture. and  that  a companion  document 
be  released  dealing  with  higher  eukar- 
yote*. On  the  other  hand.  It  was  also 
argued  that  genetic  research  has  now- 
received  attention  far  beyond  Its  doe. 
and  that  other  matters  of  experimen- 
tation await  their  turn. 

While  It  is  true  that  other  tech- 
niques In  genetic  research,  such  as  cell 
fusion  and  chromosome  transfer,  may 
result  tn  formation  of  recombinant 
molecules.  I do  not  believe  at  this  time 
that  we  should  mandate  or  extend  the 
guidelines  to  these  research  areas. 
There  are  Inherent  in  these  tech- 
niques a range  of  natural  barriers  to 
tbe  formal  Ion  of  hazardous  organisms 
which  apparently  afford  adequate  con- 
tainment. making  unnecessary  the  Is- 
suance of  Federal  standards.  I base 
this  conclusion  on  the  fact  that  such 
techniques  have  been  used  In  the  labo- 
ratory for  decades  with  no  known 
harmful  effects  on  either  tbe  public 
health  or  the  environment.  I should 
also  emphasise  that  the  entire  area  of 
laboratory  safety  Ls  of  primary  con- 
cern to  NTH  and  is  the  subject  of  con- 
stant review  and  attention.  A descrip- 
tion of  NTH  activities  tn  these  areas  ls 
presented  In  the  environmental  Impact 
assessment. 

A commentator  suggested  that  the 
language  be  deleted  stating  that  “•  • * 
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the  revised  guidelines  [have]  the 
intent  of  erring  on  the  side  of  cau- 
tion.” While  believing  that  the  guide- 
lines are,  and  should  be,  deliberately 
restrictive,  I agree  with  the  criticism 
that  scientists  should  not  enter  into 
an  activity  with  the  intent  of  erring. 
The  PRG-NIH  now  reflects  this  opin- 
ion by  deletion  of  this  phrase. 

Another  commentator  suggested 
that  the  guidelines  should  contain  lan- 
guage requiring  all  publications  deal- 
ing with  recombinant  DNA  activities 
to  include  a description  of  the  physical 
and  biological  containment  procedures 
used.  While  the  PRG-NIH  urges  "that 
all  publications  dealing  with  recombin- 
ant DNA  work  include  a description  of 
the  physical  and  biological  contain- 
ment procedures  employed,”  NIH  is 
not  well  advised  to  dictate  to  research- 
ers or  editors  what  must  be  included  in 
a scientific  publication. 

There  were  several  suggestions  that 
the  purpose  of  the  guidelines  be  more 
clearly  stated  and  that  terms  be  more 
precisely  defined.  I have,  therefore, 
added  considerable  new  material  to 
Part  I of  the  PRG-NIH,  renamed 
"Scope  of  the  Guidelines,”  and  divided 
it  into  the  following  sections,  each  of 
which  is  discussed  further  below:  Pur- 
pose: Definition  of  Recombinant  DNA 
Molecules;  General  Applicability:  Pro- 
hibitions; Exemptions;  and  General 
Definitions. 

Purpose 

The  introduction  to  the  1976  guide- 
lines states  that  “the  purpose  of  these 
guidelines  is  to  recommend  safeguards 
for  research  on  recombinant  DNA 
molecules.”  As  noted  above,  to  elimi- 
nate "naked”  recombinant  DNA  from 
the  guidelines,  the  PRG-RAC  pro- 
posed this  passage  to  read  that  the 
purpose  is  to  “establish  procedures  for 
handling  organisms  and  viruses  con- 
taining recombinant  DNA  molecules.” 

This  proposed  revision  would  have 
had  the  effect  of  removing  from  cover- 
age by  the  guidelines  certain  experi- 
ments which  are  prohibited  by  the 
1976  guidelines— for  example,  deliber- 
ate formation  of  naked  recombinant 
DNA  containing  genes  for  the  biosyn- 
thesis of  potent  toxins.  I have  decided 
to  resolve  this  issue  conservatively. 
The  language  in  the  PRG-NIH,  there- 
fore, clearly  states  that  the  guidelines 
are  intended  to  pertain  to  the  con- 
struction and  handling  of  naked  re- 
combinant DNA  molecules  as  well  as 
of  organisms  and  viruses  containing 
such  molecules. 

General  applicability 

Many  commentators  urged  that  a 
statement  of  general  applicability  of 
the  guidelines  be  included  in  an  early 
part.  The  issues  relate  to  (1)  the  appli- 
cability of  the  guidelines  to  non-NIH 
funded  research  with  recombinant 
DNA  at  institutions  receiving  NIH 


funds  for  this  purpose,  (2)  the  applica- 
bility of  the  guidelines  to  NIH-sup- 
ported  recombinant  DNA  research 
conducted  in  foreign  countries,  and  (3) 
the  location  of  responsibility  for  insur- 
ing compliance  with  the  guidelines. 
Therefore,  a section  entitled  "General 
Applicability”  now  appears  after  the 
"Purpose”  section  in  Part  I of  the 
PRG-NIH. 

The  existence  of  guidelines  for  re- 
combinant DNA  research  assumes 
their  general  application.  Partial  ad- 
herence within  an  institution  would 
defeat  the  purpose  of  extending  maxi- 
mal protection  to  the  community. 
Thus,  it  would  be  inconsistent  for  NIH 
to  provide  funds  for  biomedical  re- 
search activities  to  an  institution  that 
did  not  meet  the  standards  of  the 
guidelines  in  all  of  its  recombinant 
DNA  research,  regardless  of  the 
source  of  funding.  This  principle  is 
now  stated  explicity  in  the  PRG-NIH, 
and  we  intend  to  consider  withholding 
NIH  funds  as  a sanction  against  viola- 
tion. 

Rules  must  be  established  for  the 
conduct  of  recombinant  DNA  activities 
funded  by  NIH  in  other  countries. 
Generally,  the  requirements  in  force 
in  those  countries  shall  apply.  A 
memorandum  of  understanding  and 
agreement  (MUA)  must  still  be  filed 
with  NIH,  indicating  specifically 
which  guidelines  will  govern  the  activi- 
ties; and  NIH  reserves  the  right  to 
withhold  funding  if  the  safety  prac- 
tices to  be  employed  are  not  compara- 
ble to  the  NIH  guidelines.  An  explicit 
statement  about  this  has  been  inserted 
in  the  PRG-NIH. 

Part  IV  of  the  PRG-NIH  describes 
the  responsibilities  of  all  individuals 
and  organizational  entities  involved  in 
the  conduct  and  review  of  a recombin- 
ant DNA  activity.  Two  years  of  experi- 
ence with  administering  the  NIH 
guidelines  has  indicated  that  the  ulti- 
mate responsibility  for  insuring  com- 
pliance must  be  borne  by  the  institu- 
tion where  the  research  is  being  done. 
This  implies  some  discretion  under 
well-defined  limits  for  interpretation 
of  common  standards,  and  imposes  a 
requirement  for  local  expertise  other 
than  the  investigator’s.  Accordingly, 
Part  I of  the  PRG-NIH  now  requires 
that  an  individual  receiving  NIH  sup- 
port for  recombinant  DNA  research  be 
associated  with  an  institution  that  is 
willing  and  able  to  accept  the  responsi- 
bilities and  conditions  of  local  gover- 
nance, described  more  fully  in  Part  IV 
of  the  PRG-NIH. 

Definition  of  recombinant  DNA  mole- 
cules 

It  became  apparent  from  the  com- 
ments received  that  the  PRG-RAC 
definition  was  inadequate  in  that  it 
did  not  address  the  handling  of  recom- 
binant DNA  molecules  containing  seg- 


ments of  chemically  synthesized  DNA. 
I have  decided  that  the  most  effective 
way  to  achieve  this  objective  is  simply 
to  include  "natural  or  synthetic  DNA” 
in  the  definition  of  a recombinant 
DNA  molecule,  and  this  has  been  in- 
serted in  the  PRG-NIH  definition.  A 
new  section,  therefore,  has  also  been 
added  to  Part  III  of  the  PRG-NIH 
giving  containment  levels  for  work 
with  recombinant  DNA  molecules  con- 
taining synthetic  DNA. 

I have  also  revised  what  I perceived 
to  be  an  ambiguity  in  the  PRG-RAC 
definition  by  including  within  the 
PRG-NIH  definition  language  explic- 
itly stating  that  DNA  molecules  which 
result  from  the  replication  of  recom- 
binant DNA  molecules  are  subject  to 
the  safety  provisions  of  the  guidelines. 

Finally,  no  other  provision  of  the 
PRG-RAC  definition  evoked  as  much 
comment  as  did  the  wording  to  ex- 
clude “non-novel”  recombinant  DNA 
from  the  standards.  The  ambiguity  of 
such  phrases  as  “known  to  exchange 
chromosomal  DNA”  and  "by  natural 
physiological  processess”  was  strongly 
noted,  and  I agree  with  the  commenta- 
tors that  we  must  strive  for  a greater 
degree  of  clarity  and  objectivity.  Thus, 
it  has  been  decided  to  eliminate  in  the 
PRG-NIH  the  two  conditions  cited 
above  as  criteria  for  exemption  from 
the  guidelines.  Staff  discussions  of  the 
public  comments  made  it  clear  that  in- 
clusion of  exemption  provisions  within 
the  definition  itself  was  not  desirable. 
Several  attempts  at  appropriate  lan- 
guage did  not  bear  careful  scrutiny. 

Given  this  situation,  and  also  my 
opinion  that  certain  categories  of  re- 
combinant DNA  experiments  are 
indeed  so  apparently  free  of  causing 
harm  that  they  should  not  come 
under  the  guidelines,  it  was  my  deci- 
sion to  remove  the  criterion  of  “novel- 
ty” from  the  definition  and  use  it  as  a 
basis  for  the  development  of  a new 
section  entitled  "Exemptions.” 

Exemptions 

The  nature  of  the  public  comments 
on  the  PRG-RAC  exclusion  of  nonno- 
vel exchangers  can  be  divided  into  cat- 
egories— those  that  pertain  to  the  pro- 
posed standards  and  those  to  the  pro- 
posed process. 

The  standards  proposed  by  the 
PRG-RAC  were  that  novel  recombin- 
ant DNA’s  are  those  consisting  of  "seg- 
ments of  any  DNA  from  different  spe- 
cies not  known  to  exchange  chromoso- 
mal DNA  by  natural  physiological 
processes  * * * In  general  recombinant 
DNA  molecules  * * • will  not  be  con- 
sidered novel  when  all  the  components 
are  derived  from  genomes  known  to 
replicate  within  the  organism  used  to 
propagate  the  recombinant  DNA.” 
This  is  qualified,  however,  by  a foot- 
note stating  that  the  “recombinant 
DNA  formed  between  segments  of  eu- 
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karyotlc  viral  DNA  and  any  eukaryotic 
DNA  * * * shall  not  be  excluded  • • • 
until  such  time  as  there  is  more  infor- 
mation about  the  extent  of  naturally 
occurring  recombinational  events  be- 
tween these  DNAs.” 

The  public  comments  on  these 
standards  raised  the  following  issues: 

• That  safety  rather  than  novelty 
should  be  the  criterion  for  exclusion; 
that  is.  any  recombinant  DNA  mole- 
cule that  poses  a threat  to  the  public 
health  or  the  environment  should  be 
covered  by  the  guidelines  regardless  of 
whether  the  molecule  is  a novel  one. 

• Others  argued  that  the  proper  cri- 
terion should  not  be  safety  but  rather 
whether  the  potential  hazard  of  the 
recombinant  DNA  molecules  differs 
significantly  in  degree  or  in  kind  from 
those  found  in  nature  or  from  bioha- 
sards  that  are  successfully  handled  by 
conventional  methods. 

• That  there  is  a question  of  quanti- 
fication that  goes  beyond  novelty;  that 
is.  a recombinational  event  that  occurs 
very  rarely  In  nature  can  be  mimicked 
more  frequently  in  the  laboratory. 

• That  the  PRG-RAC  was  ambigu- 
ous in  describing  the  criteria  to  be 
used  in  judging  novelty. 

• That  the  list  of  nonnovel  exchang- 
ers should  not  be  limited  to  the  ex- 
change of  chromosomal  DNA.  but 
should  also  Include  plasmid  DNA  ex- 
change. 

• That  the  list  should  not  be  drawn 
broadly  at  the  species  level,  but  should 
deal  with  exchange  at  subspecies 
levels. 

• That  footnote  1 of  the  PRG-RAC 
unjustly  discrimated  against  natural 
recombinants  involving  eukaryotic 
viral  DNA  and  other  eukaryotic  DNA. 
Others  urged  that  this  footnote  be  ex- 
panded to  ensure  that  recombinants 
involving  pathogenic  bacteria  not 
appear  on  the  list. 

• That  experiments  classified  as 
P1+EK1  be  exempted  from  the  guide- 
lines. Apparently  harmless  experi- 
ments do  not  warrant  the  administra- 
tive burden  that  accompanies  inclu- 
sion within  the  guidelines. 

• That  it  was  unclear  whether  the 
PRG-RAC  definition  woud  permit 
"seif-cloning"  experiments  (such  as 
the  cloning  of  B.  subtilis  genes  in  B. 
subtil  is). 

It  proved  impossible  to  reconcile 
these  differences  of  opinion  in  the 
definition  itself,  but  in  my  opinion  the 
"Exemptions"  section  of  the  PRG- 
NIH  as  drafted  does  so  successfully. 
This  section  was  drafted  by  NIH  staff 
in  conjunction  with  a working  group 
of  the  RAC;  it  was  then  modified 
slightly  and  endorsed  by  the  full  RAC 
at  its  meeting  on  April  27-28.  1978. 
and  subsequently  modified  slightly  for 
clarity  by  NIH  staff.  Before  proceed- 
ing to  a discussion  of  these  exemp- 


tions. however.  I w’ant  to  emphasize 
that  no  provision  in  this  section  may 
be  cited  to  exempt  from  the  guidelines 
an  activity  listed  in  the  "Prohibitions" 
section. 

The  first  exemption  concerns  recom- 
binant DNA  molecules  that  are  not  in 
organisms  or  viruses.  This  is  in  recog- 
nition that  "naked"  DNA.  which  is 
rapidly  Inactivated  in  nature,  is  ex- 
tremely unlikely  to  be  hazardous 
under  experimental  conditions.  To 
guard  against  the  remote  possibility, 
however,  that  potentially  harmful 
naked  recombinant  DNA  will  be  incor- 
porated into  an  organism,  the  han- 
dling of  certain  naked  recombinant 
DNA  molecules  described  in  the  "Pro- 
hibitions" section  remains  prohibited. 
It  should  also  be  noted  that  the  con- 
cept of  extremely  low  hazard  of  naked 
recombinant  DNA  was  included  in  the 
PRG-RAC  in  the  section  on  "Han- 
dling Recombinant  DNA  Molecules"  at 
the  end  of  part  III.  This  language.  I 
believe,  is  more  appropriately  present- 
ed under  the  "Exemptions"  section. 

The  second  exemption  pertains  to 
recombinant  DNA  molecules  consist- 
ing entirely  of  DNA  segments  from  a 
single  nonchromosomal  or  viral 
source.  This  statement  clarifies  a cate- 
gory of  '"self-cloning"  experiments 
that  are  considered  safe  enough  to  be 
excluded  from  the  guidelines.  This  is  a 
concept  which  the  RAC  tried  to 
convey  in  the  PRG-RAC  definition  by 
use  of  the  phrase  different  genomes." 
but  which  some  commentators  found 
ambiguous. 

The  third  exemption  concerns  "self- 
cloning." It  exempts  from  the  guide- 
lines recombinant  DNA  molecules 
made  entirely  from  the  DNA  of  a 
single  organism  Including  the  plas- 
mids. viruses,  mitochondria,  or  chloro- 
plasts  indigenous  to  (l.e..  found  in 
nature  in)  that  organism,  when  propa- 
gated only  in  that  organism  (or  a 
closely  related  strain  of  the  same  spe- 
cies). This  partially  responds  to  the 
suggestion  made  by  many  commenta- 
tors that  experiments  previously  clas- 
sified as  P1  + EK1  be  excluded  from 
the  guidelines.  It  also  covers  some  of 
the  cases  the  RAC  was  including  in 
the  concepts  of  "novelty"  and  "differ- 
ent genomes."  This  exemption,  howev- 
er. does  not  include  recombinant  DNA 
molecules  formed  between  viral  DNA 
and  eukaryotic  host  DNA.  In  this 
regard  it  is  analogous  to  footnote  1 of 
the  PRG-RAC. 

The  fourth  exemption  covers  "cer- 
tain specified  recombinant  DNA  mole- 
cules that  consist  entirely  of  DNA  seg- 
ments from  different  species  that  ex- 
change DNA  by  known  physiological 
processes."  In  this  case  a list  is  pre- 
pared and  periodically  revised  by  the 
Director.  NIH.  on  the  recommendation 
of  the  RAC.  after  appropriate  notice 
and  opportunity  for  public  comment. 


This  list  is  analogous  to  the  list  of 
“nonnovel  exchangers"  proposed  in 
the  PRG-RAC. 

The  initial  entries  on  the  list  speci 
fied  under  exemption  I-E-4  are  given 
in  appendix  A to  the  guidelines.  Any 
recombinant  DNA  molecules  composed 
entirely  of  DNA  segments  coming 
from  organisms  listed  in  appendix  A. 
would  be  exempt  from  the  PRG-NIH 
under  exemption  I-E-4.  The  inclusion 
of  the  particular  organisms  listed  in 
appendix  A was  recommended  by  the 
RAC  at  its  meeting  on  April  27-28. 
1978.  (For  further  discussion  of  this 
list  see  appendix  D to  the  accompany- 
ing Environmental  Impact  Assess- 
ment.) 

The  fifth  exemption  allows  the  Di- 
rector. NIH.  on  the  recommendation 
of  the  RAC.  after  appropriate  notice 
and  opportunity  for  public  comment, 
to  exempt  other  classes  of  recombin- 
ant DNA  molecules  if  he  finds  that 
"they  do  not  present  a significant  risk 
to  health  or  the  environment.”  The 
exemption  of  classes  of  experiments 
that  do  "not  present  a significant  risk 
to  health  or  the  environment"  is  the 
language  used  in  proposed  legislation 
(H.R.  11192),  recently  reported  out  of 
the  committee  on  Interstate  and  For- 
eign Commmerce  and  the  Committee 
on  Science  and  Technology  of  the  U S. 
House  of  Representatives. 

In  addition  to  comments  pertaining 
to  the  standards  for  exemption  in  the 
PRG-RAC.  the  following  comments 
were  directed  toward  the  processes 
whereby  exemptions  would  be  made: 

• Rather  than  compile  a list  of  non- 
novel exchangers  exempt  from  the 
guidelines,  the  burden  of  proof  should 
be  on  the  Director.  NIH.  to  compile  a 
list  of  novel  exchangers  which  are  sub- 
ject to  the  guidelines. 

• The  procedures  and  critieria  used 
in  the  development  of  the  list  should 
be  explained  thoroughly,  and  ade- 
quate opportunity  should  be  given  for 
public  review  and  comment. 

• Before  being  placed  on  the  list,  all 
the  data  pertaining  to  the  application 
should  be  available  for  public  review. 

In  response  to  these  comments,  the 
PRG-NIH  specifies  that  for  exemp- 
tion I-E-4  and  I-E-5— the  two  exemp- 
tions which  involve  the  development 
of  "lists”— these  lists  will  be  prepared 
by  the  Director.  NIH.  on  the  advice  of 
the  RAC.  a/ter  appropriate  notice  and 
opportunity  for  public  comment  Pub- 
lication of  the  PRG-NIH  includes  ap- 
pendix A giving  an  initial  proposed  list 
for  exemption  I-E-4.  As  part  of  the 
public  comment  which  I am  soliciting 
on  the  entire  PRG-NIH.  I include  ap- 
pendix A.  In  the  future,  no  additions 
will  be  made  to  appendix  A.  nor  will 
any  items  be  listed  as  exemptions 
under  exemption  I-E-5.  without  ap- 
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propriate  notice  and  opportunity  for 
public  comment. 

Prohibitions 

Two  changes  in  this  section  have 
been  initiated  to  make  it  more  com- 
patible with  the  new  "Definition”  and 
"Exemptions”  sections.  The  first  was 
to  transfer  this  section  from  part  III 
of  the  guidelines  to  part  I.  This  is 
again  to  emphasize  that  the  exemp- 
tions are  not  applicable  to  the  six  ac- 
tivities listed  as  being  prohibited.  The 
second  was  to  drop  all  references  to 
novel  recombinant  DNA’s  and  natural 
genetic  exchange.  My  other  actions 
were  based  upon  the  following  com- 
ments: 

• There  was  general  endorsement  of 
the  provision  in  this  section  which 
grants  to  the  Director,  NIH,  upon  the 
recommendation  of  the  RAC,  the  au- 
thority to  waive  any  of  the  prohibi- 
tions. The  widespread  support  for  this 
authority  reflects  the  realization  that 
many  important  risk-assessments  ex- 
periments may  not  be  able  to  proceed 
otherwise.  NIH  is  now  supporting  and 
will  continue  to  support  experiments 
that  will  yield  knowledge  contributing 
to  a better  understanding  of  the 
nature  of  potential  risks  of  recombin- 
ant DNA.  This  section  has  been  ex- 
pended in  the  PRG-NIH  to  indicate 
that  if  any  experiments  are  excepted 
from  the  prohibitions,  they  will  "at 
that  time  be  assigned  appropriate 
levels  of  physical  and  biological  con- 
tainment.” 

• It  was  urged  that  the  advice  of 
other  Government  agencies,  such  as 
the  Environmental  Protection  Agency 
(EPA)  and  the  Occupational  Safety 
and  Health  Administration  (OSHA), 
should  be  sought  when  the  Director, 
NIH,  considers  invoking  this  waiver 
authority.  The  Federal  Interagency 
Committee  on  Recombinant  DNA  Re- 
search provides  for  coordination  of 
policies  in  this  area.  EPA  and  OSHA 
are  represented  on  the  Committee. 
The  advice  of  relevant  research  and 
regulatory  agencies  will  continue  to  be 
sought  when  appropriate. 

• It  was  suggested  that  the  RAC  as 
presently  constituted  should  not  be 
the  sole  advisory  body  because  societal 
as  well  as  scientific  considerations 
mast  enter  into  the  waiver  decision.  As 
explained  in  greater  detail  in  part  IV 
of  this  document,  the  membership  of 
the  RAC  will  be  broadened  modestly 
as  needed  for  expertise,  but  provisions 
for  public  notice  and  opportunity  to 
comment,  and  other  appropriate  ad- 
minstrative  practices,  can  be  used  to 
ensure  adequate  public  input  when 
the  issues  warrant. 

• It  was  suggested  that  an  Environ- 
mental Impact  Assessment  or  State- 
ment should  accoinpany  each  waiver. 
My  waiver  decisions  will  include  a 
careful  consideration  of  the  potential 


environmental  impact,  and  certain  de- 
cisions may  be  accompanied  by  a 
formal  assessment  or  statement.  This 
must  be  determined  on  a case-by-case 
basis. 

• It  was  suggested  that  waiver  of 
the  prohibition  on  the  large-scale  use 
of  culture  containing  recombinant 
DNA’s  be  issued  on  the  basis  of  indus- 
try’s experience  in  dealing  with  such 
cultures.  While  such  experience  will 
surely  be  weighed  in  the  decisionmak- 
ing, I believe  that  it  should  not  be  the 
sole  criterion  for  granting  such  a 
waiver. 

• Agricultural  scientists  noted  the 
importance  to  their  research  commu- 
nity of  being  allowed  eventually  to  re- 
lease organisms  containing  recom- 
binant DNA  into  the  enviromnent. 
When  the  original  guidelines  were  pre- 
sented to  me  in  draft  form  in  1976,  the 
release  of  organisms  containing  recom- 
binant DNA  molecules  into  the  envi- 
ronment was  to  be  allowed  if  a series 
of  controlled  tests  had  been  done  to 
leave  no  reasonable  doubt  of  safety.  At 
that  time  I rejected  this  waiver  provi- 
sion because  of  the  limited  scientific 
evidence  available  that  any  of  the  po- 
tential benefits  from  such  a release 
were  near  realization. 

The  prohibition  of  deliberate  release 
into  the  environment  of  recombinant 
DNA-containing  organisms  can  be 
waived  if  all  of  the  requirements  for  a 
waiver  are  met  (and  if  the  require- 
ments of  the  National  Environmental 
Policy  Act  are  considered).  Given  the 
limited  experience  of  NIH  in  agricul- 
tural research,  the  U.S.  Department  of 
Agriculture  would  be  deeply  involved 
in  this  process.  I have  given  written 
notice  of  this  opinion  to  the  appropri- 
ate officials  of  the  USDA. 

• The  Standing  Advisory  Committee 
on  Recombinant  DNA  Research  of  the 
European  Molecular  Biology  Organi- 
zation (EMBO)  has  noted  that  the  list 
of  pathogenic  organisms  under  prohi- 
bition I-D-l,  especially  those  in  class 
5,  may  not  be  appropriate  for  ail  Euro- 
pean countries,  and  that  "the  decision 
as  to  which  pathogenic  orgamisms 
should  be  classified  as  too  dangerous 
to  use  must  be  the  responsibility  of  na- 
tional or  regional  authorities.”  In  re- 
sponse to  this  a footnote  could  be 
added  to  the  guidelines  stating  that 
prohibition  I-D-l  relates  only  to  re- 
search in  the  United  States.  I have  de- 
cided, however,  not  to  include  such  a 
footnote,  because  these  guidelines  are 
directed  to  NIH  grantees  and  contrac- 
tors, almost  all  within  this  country.  In 
other  countries,  different  criteria  may 
govern. 

• A final  change  in  the  PRG-NIH 
relates  to  prohibition  I-D-l.  As  dis- 
cussed below  in  this  document  in  part 
III,  considerable  changes  have  been 
made  in  the  section^dealing  with  the 


use  of  viral  DNA  in  recombinant  DNA 
experiments.  The  history  leading  to 
these  changes,  including  the  report  of 
the  “Ascot”  workshop  (appearing  as 
appendix  E to  the  accompanying  Envi- 
ronmental Impact  Assessment)  and 
the  report  of  the  working  group  held 
on  April  6-7,  1978  (appearing  as  ap- 
pendix F to  the  accomjsanying  Envi- 
ronmental Impact  Assessment),  are 
discussed  in  detail  in  part  III  of  this 
document  under  the  heading  "Recom- 
binant DNA  Experiments  Involving 
Viral  DNA.” 

One  of  the  Working  Group’s  recom- 
mendations, arising  out  of  the  “Ascot” 
report  and  endorsed  by  the  RAC  at  its 
April  27-28,  1978,  meeting  and  en- 
dorsed by  me,  is  that  the  previous  pro- 
hibition on  the  use  in  recombinant 
DNA  experiments  of  Vesicular  Stoma- 
titis Virus  (VSV)  and  of  oncogenic  vir- 
uses classified  by  the  National  Cancer 
Institute  (NCI)  as  "moderate  risk” 
should  be  lifted;  instead,  use  of  these 
viruses  should  be  permitted  under  con- 
tainment conditions  to  be  specified  in 
part  III  of  the  guidelines.  The  reason- 
ing behind  this  is  that  recombinant 
DNA  experiments  with  pieces  of  these 
viruses  cloned  in  E.  coli  K-12  pose  no 
more  risk,  and  actually  appear  to  pose 
clearly  less  risk,  than  work  with  the 
whole  infectious  virus  itself.  Since  the 
Center  for  Disease  Control  (CDC)  and 
NCI  recommend  that  work  with  these 
whole  viruses  not  be  prohibited,  but 
rather  be  performed  under  contain- 
ment conditions  similar  to  P3,  there  is 
no  scientific  reason  to  prohibit  recom- 
binant DNA  work  with  these  viruses. 

Therefore,  prohibition  I-D-l  in  the 
PRG-NIH  no  longer  prohibits  the  use 
of  VSV  or  oncogenic  viruses  classified 
by  NCI  as  moderate  risk;  containment 
conditions  for  their  use  are  specified 
in  part  III  of  the  guidelines. 

General  Definitions 

In  response  to  commentators’  sug- 
gestions that  terms  be  more  precisely 
defined,  I have  added  a new  section  to 
the  PRG-NIH  with  such  definitions. 
Many  of  these  terms  are  further  dis- 
cussed in  part  IV  of  PRG-NIH. 

In  summary,  part  I of  the  PRG-NIH 
has  been  extensively  modified  from 
that  proposed  in  the  PRG-RAC.  In  an 
effort  to  be  responsive  to  the  sugges- 
tions of  commentators  and  to  make 
the  guidelines  more  comprehensible, 
the  definition  of  recombinant  DNA 
molecules  has  been  simplified  and 
clarified,  the  "Prohibitions”  section 
has  been  transferred  from  part  III  to 
part  I,  and  new  sections  have  been 
added  to  part  I including  "Exemp- 
tions.” part  I,  now  entitled  "Scope  of 
the  Guidelines.”  is  composed  of  the 
following  sections: 

• Purpose 

• Definition  of  Recombinant  DN7 
Molecules 
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• General  Applicability 

• Prohibitions 

• Exemptions 

• General  Definitions 

It  should  be  noted  that  the  Prohibi- 
tions appear  before  the  Exemptions. 
This  will  again  emphasize  the  fact 
that  the  latter  provisions  cannot  be 
used  to  claim  relief  from  the  former. 

II.  Containment 

The  object  of  these  revised  guide- 
lines is  to  Insure  that  experimental 
DNA  recombination  will  have  no  ill  ef- 
fects on  the  researchers,  on  the  gener- 
al public,  or  on  the  environment.  The 
essence  of  their  construction,  as  in  the 
case  of  the  1976  Guidelines,  is  subdivi- 
sion of  potential  experiments  by  class, 
and  assignment  to  these  of  certain 
procedures  for  containment. 

Containment  is  both  physical  and 
biological.  Physical  containment  in- 
volves the  isolation  of  the  research  by 
procedures  that  have  evolved  over 
many  years  of  experience  in  laborato- 
ries studying  infectious  micro-organ- 
isms. PI  containment— the  first  physi- 
cal containment  level— is  that  used  In 
most  routine  bacteriology  laboratories. 
P2  and  P3  afford  increasing  isolation 
of  the  research  from  the  environment. 
P4  represents  the  most  extreme  meas- 
ures used  for  containing  virulent  path- 
ogens. and  permits  no  escape  of  con- 
taminated air.  wastes,  or  untreated 
materials.  Biological  containment  is 
the  use  of  biological  agents  that  are 
crippled  by  mutation  so  as  to  be  in- 
capable of  surviving  under  natural 
conditions. 

PHYSICAL  CONTAINMENT 

Review  of  RAC- Proposed  Guidelines 

Two  major  changes  were  proposed  in 
the  physical  containment  section  of 
the  PRO-RAC.  One  deals  with  the  or- 
ganization of  the  section:  the  other  in- 
corporates into  the  PRG-RAC  the 
philosophy  and  guidance  of  the  report 
of  the  NIH  European  Molecular  Biol- 
ogy Organization  (EMBO)  Workshop 
on  parameters  of  physical  contain- 
ment.* 

Physical  containment  requirements 
for  each  P level  have  been  organized 
under  the  topic  headings  Laboratory 
Practices,  Containment  Equipment, 
and  Special  Laboratory  Design.  This 
was  done  to  emphasize  the  importance 
of  laboratory  practices  and  contain- 
ment equipment  in  achieving  the  de- 
sired safety  objective. 

Other  revisions  contained  in  the 
"Physical  Containment"  section  re- 


•The  Report  of  the  NIH/EMBO  Work- 
shop  (Parameters  of  Physical  Contain- 
ment)" may  be  obtained  from  the  Office  of 
Research  Safety.  National  Cancer  Institute. 
Room  3E47,  Building  13.  National  Institutes 
of  Health.  9000  Rockville  Pike,  Bethesda, 
Md  20014. 


fleet  a conscious  effort  to  encourage 
international  uniformity  with  respect 
to  recombinant  DNA  guidelines.  This 
has  been  achieved  by  revising  the  con- 
tainment descriptions  so  that  they  are 
consistent  with  the  guidance  provided 
in  the  NIH/EMBO  report.  In  addition, 
some  statements  have  been  rewritten 
and  others  added  in  order  to  clarify 
the  basic  requirements  for  each  level 
of  containment.  The  most  significant 
clarifications  were  made  in  the  areas 
on  containment  equipment  and  special 
facility  design.  The  revisions,  however, 
have  not  resulted  in  changing  the  pur- 
pose or  Intent  of  the  physical  contain- 
ment descriptions  in  the  1976  Guide- 
lines. 

Two  specific  additions  to  the  Guide- 
lines that  originated  from  the  NIH/ 
EMBO  report  are  particularly  notable. 
The  first  is  that  Tables  I and  II  have 
been  added  to  the  P3  and  P4  sections, 
respectively.  These  tables  show  combi- 
nations of  safeguards  that  provide 
similar  protection.  The  combinations 
are  dependent  on  the  level  of  biologi- 
cal containment.  This  approach  allows 
flexibility  in  selecting  containment 
equipment  for  a particular  study  with- 
out compromising  safety. 

The  second  specific  addition  is  the 
inclusion  of  laboratory  design  criteria 
for  an  area  in  which  personnel  wear 
positive-pressure  suits  ventilated  by 
life-support  systems.  This  added  ap- 
proach provides  a level  of  physical 
containment  equivalent  to  that  afford- 
ed by  the  glove-box  cabinet  require- 
ment at  the  P4  level. 

Other  important  changes  are  sum- 
marized below: 

• Certain  specific  microbiological 
practices  are  mandated  at  the  PI  level 
in  the  PRG-RAC  (whereas  in  the  1976 
Guidelines  they  were  merely  encour- 
aged); 

• At  the  P2  level,  prohibitions 
against  eating,  drinking,  smoking,  and 
storage  of  foods  have  been  extended 
from  the  work  area  to  the  entire  labo- 
ratory; 

• The  universal  biohazard  sign  is 
now  required  at  the  P2  level.  Use  of 
these  signs  has  been  extended  to 
equipment  such  as  freezers  and  refrig- 
erators in  which  organisms  containing 
recombinant  DNA  molecules  are 
stored; 

• Access  procedures  in  controlled 
areas  adjacent  to  P3  laboratories  have 
been  specified; 

• Installation  of  foot-,  elbow-,  or 
automatically-operated  facilities  for 
washing  hands  is  now  required  in  PS- 
level  laboratories; 

• Specific  guidance  on  containment 
equipment  appropriate  for  laboratory 
animals  has  been  added  to  the  P3  and 
P4  sections: 

• The  labeling  requirements  for 
shipment  of  etiologic  agents  now 
apply  to  all  organisms  containing  re- 


combinant DNA  molecules.  Thus,  the 
Center  for  Disease  Control,  U.S. 
Public  Health  Service,  must  be  noti- 
fied in  the  event  of  any  accidental 
breakage  during  shipment.  Also, 
agents  requiring  P4  containment  must 
be  packaged  according  to  strict  Feder- 
al standards  and  be  shipped  by  regis- 
tered mail  or  an  equivalent  system 
that  provides  for  notifying  the  shipper 
upon  delivery. 

I have  carefully  reviewed  the  recom- 
mendations of  the  PRG-RAC  relating 
to  physical  containment  and  propose 
to  adopt  them  with  certain  modifica- 
tions. The  modifications,  based  on 
issues  raised  by  the  Director's  Adviso- 
ry Committee  and  public  commenta- 
tors. are  discussed  below. 

Review  of  comments  and  NIH-pro- 
posed  guidelines 

As  reported  in  the  "Decision  Docu- 
ment" which  accompanied  the  release 
of  the  1976  guidelines,  comments  on 
the  containment  provisions  of  the 
original  Guidelines  were  directed  to 
the  definitions  of  both  physical  and 
biological  containment  and  to  the 
safety  and  effectiveness  of  the  pre- 
scribed levels.  Several  commentators 
at  that  time  found  the  concept  of 
physical  containment  imprecise  and 
subject  to  human  error.  Others  ques- 
tioned the  concept  of  biological  con- 
tainment in  terms  of  its  safety  and 
purported  effectiveness  in  averting  po- 
tential hazards.  The  commentators 
were  divided  on  which  method  of  con- 
tainment would  provide  the  most  ef- 
fective and  safe  system. 

Several  suggested  that  each  of  the 
physical  levels  be  explained  more 
fully.  The  physical  containment  sec- 
tion of  the  1976  guidelines— and  now 
of  the  PRG-NIH— is  directly  respon- 
sive to  many  of  these  commentators. 
In  addition,  the  PRG-NIH  takes  into 
account  the  more  recent  comments  re- 
lated to  standards  for  physical  and 
biological  containment.  Commentators 
on  the  PRG-RAC  have  expressed  par- 
ticular concern  over  (1)  the  flexibility 
which  allows  various  combinations  of 
containment  safeguards,  (2)  the  design 
of  containment  systems,  and  (3)  the 
adequacy  of  training  in  laboratory 
safety  practices.  The  Standing  Adviso- 
ry Committee  on  Recombirant  DNA 
Research  of  the  European  Molecular 
Biology  Organization  (EMBO)  made  a 
number  of  recommendations  that  NIH 
has  considered,  and  public  commenta- 
tors have  proffered  additional  sugges- 
tions relating  to  specific  levels  of  phys- 
ical containment  and  to  shipment  of 
recombinant  DNA  materials.  These 
are  examined  below. 

Concept  of  "Flexibility.  ” Some  com- 
mentators have  expressed  concern 
over  the  flexibility  provided  in  Tables 
I and  II  that  allows  various  combina- 
tions of  containment  safeguards.  For 
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example,  some  feel  that  work  In  a P3 
facility  conveys  a desirable  sense  of 
hazard,  whereas  a reduction  to  the  P2 
level  will  promote  an  undesirable  re- 
laxation of  vigilance,  it  has  also  been 
suggested  that  an  increase  in  the  op- 
tions increases  the  difficulty  of  control 
implementation  of  the  guidelines, 
e commentators  object  to  specific 
options  provided  at  the  P3  and  P4 
levels.  NIH  has  been  urged  to  include 
a better  explanation  of  the  rationale 
for  this  flexibility. 

Indeed,  the  calculus  of  switching 
physical  and  biological  containment 
levels  has  been  questioned.  Does  an  in- 
crease in  biological  containment  from 
EK1  to  EK2  truly  compensate  a reduc- 
tion in  physical  containment  from  P3 
to  P2? 

The  scale  of  either  form  of  contain- 
ment from  least  to  greatest  is  not  nec- 
essarily linear,  and  substitutions  are 
only  roughly  approximate.  Neverthe- 
less, there  are  some  numerical  bases 
for  comparison. 

For  example,  a class  III  biological 
safety  cabinet  is  required  at  the  P4 
level  (if  a positive  pressure  suit  is  not 
used);  whereas  at  P3,  one  can  work  in 
an  open-front  biological  safety  cabi- 
net. The  class  III  cabinet  is  virtually 
an  absolute  containment  system.  It  is 
certified  gas-tight  when  tested  under 
positive  pressure.  It  is  operated  under 
negative  pressure  to  gain  optimum 
safety.  It  provides  at  least  a 10,000-  to 
100,000-fold  increase  in  safety  over 
that  provided  by  a Class  I or  II  cabi- 
net, which  is  required  at  the  P3  level. 

The  relative  safety  of  these  two  con- 
tainment cabinets  is  based  on  the  effi- 
ciency of  their  exhaust-air  treatment 
systems.  The  exhaust-air  treatment 
for  the  class  in  cabinet  is  provided  by 
two  HEPA  filters  installed  in  series. 
This  arrangement  gives  a containment 
efficiency  of  at  least  99.99  percent. 
The  exhaust-air  treatment  for  class  I 
and  II  cabinets,  with  only  one  HEPA 
filter,  provides  a containment  efficien- 
cy of  99.99  percent.  The  potential  for 
escape  of  microorganisms  across  the 
open  front  of  the  class  I and  II  cabi- 
nets is  similar  to  that  for  escape 
through  the  exhaust-air  treatment 
system  under  operating  conditions. 
These  cabinets  must  meet  a perform- 
ance criterion  which  permits  fewer 
than  20  microorganisms  to  escape 
through  the  open  front  when  lx  10 9 
(100,000,000)  to  8x10'  (800,000,000) 
microorganisms  are  experimentally  re- 
leased within  the  cabinet.  The  degree 
of  protection  provided  by  the  class  I or 
II  cabinets  is  equivalent  to  the  in- 
crease in  safety  at  the  P3  level  over 
that  provided  at  the  PI  level  which 
allows  open-bench  operations. 

The  symbol  HV  (Host-Vector)  is 
used  in  the  PRG-NIH  to  designate 
biological  containment  systems  encom- 
passing the  present  EK  systems.  HV2 


is  defined  in  terms  of  a probability  of 
escape  of  recombinant  DNA  of  less 
than  1 in  10®  (1  in  100.000,000).  in  con- 
sidering "equivalency”  between  P and 
EK  levels,  it  is  recognized  that  the  two 
systems  are  conceptually  different. 
Biological  safety  cabinets  are  designed 
primarily  for  the  protection  of  the  lab- 
oratory worker,  and  all  physical  con- 
tainment protection  stops  at  the  walls 
of  the  laboratory.  Biological  contain- 
ment continues  to  operate  even  were 
an  organism  to  escape  from  the  labo- 
ratory. 

The  flexibility  allowed  in  alternate 
P and  HV  levels  is  carefully  explained 
in  the  text  of  the  PRG-NIH,  and  the 
investigator  must  follow  the  explicit 
requirements  set  forth  in  Part  III  of 
the  proposed  guidelines  and  Tables  I 
and  n. 

Redundancy.  A question  has  been 
raised  concerning  redundancy  in  the 
safety  systems  to  insure  that  alternate 
systems  will  come  into  play  in  case  of 
an  emergency— for  example,  power 
failures  or  major  accidents.  The  con- 
cept of  redundancy  is  inherent  in  the 
design  of  the  containment  systems 
used  in  recombinant  DNA  research. 
Redundancy,  however,  is  provided  by 
standby  systems,  but  rather  by  design 
features  and  operational  requirements 
of  the  safety  systems  used.  For  exam- 
ple, primary  containment  at  the  P4 
level  is  provided  by  the  gas-tight  class 
III  cabinet  system.  These  cabinets  are 
also  maintained  under  negative  air 
pressure,  which  would  provide  protec- 
tion against  the  release  of  microrgan- 
isms  in  the  event  that  a glove  were  to 
rupture  or  a leak  to  develop.  Similarly, 
the  physical  isolation  of  the  class  III 
cabinet  would  not  be  compromised  in 
the  event  of  a power  failure.  However, 
since  the  redundant  protection  pro- 
vided by  the  negative  pressure  would 
be  compromised,  personnel  would  be 
instructed  to  stop  work  immediately 
during  the  power  interruption.  An- 
other example  is  the  requirement  that 
the  exhaust  and  supply  fans  for  P4  fa- 
cilities be  interlocked.  This  assures 
that  in  the  event  of  failure  of  the  ex- 
haust fan,  the  supply  fan  will  auto- 
matically shut  down,  preventing  the 
pressurization  of  the  laboratory  envi- 
ronment. As  with  the  class  III  cabinet 
example,  personnel  would  stop  their 
work  because  of  the  loss  of  secondary 
protection  provided  by  the  ventilation 
systems.  Operational  procedures, 
therefore,  become  an  important  ele- 
ment in  assuring  safety  in  the  event  of 
any  system  failure. 

Institutions  are  required  to  devise 
emergency  plans  to  handle  possible 
problems.  In  response  to  recommenda- 
tions of  the  Environmental  Protection 
Agency  Study  Group  on  Recombinant 
DNA  and  to  concerns  raised  by  com- 
mentators, NIH  has  stipulated  more 
clearly  (in  the  supplement  to  the 


PRG-NIH  entitled,  “Laboratory 
Safety  Monograph”)  certain  elements 
in  these  emergency  plans.  Moreover, 
NIH  staff  have  recently  met  with  rep- 
resentatives of  the  center  for  Disease 
Control  (CDC)  to  establish  a mecha- 
nism for  providing  advice,  consulta- 
tion, or  assistance,  if  necessary,  in  case 
of  an  emergency,  such  as  an  accident 
in  the  laboratory. 

Laboratory  sajety.  A number  of  com- 
mentators felt  that  the  PRG-RAC  was 
vague  in  regard  to  the  training  in 
safety  of  researchers,  students,  and 
janitors.  It  was  urged  that  specific  cur- 
ricula be  developed  and  that  a require- 
ment for  certification  of  training  be 
stipulated  in  the  guidelines  (a  recom- 
mendation also  made  by  the  EPA 
Study  Group  on  Recombinant  DNA). 
It  has  been  suggested,  further,  that 
NIH  develop  curricula  for  training. 

At  the  present  time.  NIH  has  a con- 
tract with  the  American  Society  for 
Microbiology  (ASM)  to  develop  mini- 
mum standards  for  training  partici- 
pants in  recombinant  DNA  research. 
The  ASM  Working  Panel  will  consider 
what  standards  of  training  in  micro- 
biologic  techniques  are  appropriate  for 
the  conduct  of  experiment  requiring 
PI  through  P3  containment  condi- 
tions. The  Panel  will  solicit  views  from 
the  scientific  community  to  develop 
minimum  requirements  for  training. 
The  Panel’s  report  will  be  made  availa- 
ble to  the  IBC’s  and  investigators  to 
set  standards  for  all  who  participate  in 
this  research.  In  view  of  these  develop- 
ments, formal  certification  require- 
ments by  NIH  are  considered  prema- 
ture. 

Other  commentators  stressed  the 
need  for  more  stringent  measures  in 
regard  to  safe  practices.  In  particular, 
these  commentators  urged  regular 
monitoring  of  laboratory  facilities, 
preferably  at  all  P levels.  This  would 
include  monitoring  of  microbiological 
practices,  serological  monitoring,  and 
CDC  review  of  incidence  of  infections. 
It  was  also  suggested  that  regular  in- 
spections be  performed  by  individuals 
not  associated  with  the  institution  (to 
preclude  conflict  of  interest);  that  the 
guidelines  require  a member  of  the 
work  force  to  be  represented  on  the  in- 
stitutional biosafety  committee;  and 
that  penalties  (other  than  cutoff  of 
funds)  be  imposed  on  violators  as  a de- 
terrent. I have  accepted  many  of  these 
proposals;  the  specific  NIH  actions  in 
regard  to  them  are  discussed  in  Part 
IV  of  this  document. 

Appendix  D,  "Supplementary  Infor- 
mation on  Physical  Containment,”  was 
added  to  the  1976  guidelines  in  re- 
sponse to  numerous  requests  for  great- 
er specificity  in  describing  contain- 
ment requirements.  Commentators 
noted  the  absence  of  this  document 
from  the  PRG-RAC  and  urged  that  it 
be  retained  and  further  expanded.  Ac- 
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cordingly.  a special  committee  of 
safety  and  health  experts  was  con- 
vened by  W.  Emmett  Barkley.  Ph.  D.. 
Director  of  the  Office  of  Research 
Safety.  National  Cancer  Institute,  to 
review  and  revise  this  supplementary 
Information.  Several  sections  have 
been  extensively  rewritten,  and  new 
sections  have  been  added  on  evalua- 
tion methods  for  P3  facilities,  certifi- 
cation procedures  for  P4  facilities,  cer- 
tification of  biological  safety  cabinets, 
emergency  control  procedures,  medical 
surveillance  programs,  and  other 
topics.  This  document  is  separately 
available  as  Laboratory  Safety  Mono- 
graph—A Supplement  to  the  NIH 
Guidelines  for  Recombinant  DNA  Re- 
search.’’ 

Other  comments.  A number  of  addi- 
tional comments  have  been  received 
from  public  commentators  relating  to 
proposed  actions  at  specific  levels  of 
physical  containment. 

It  has  been  suggested  that  certain 
requirements  at  the  PI  level  remain 
"permissive’’  rather  than  be  changed 
to  "mandatory  ",  l.e.,  that  the  language 
In  the  PRG-NIH  read  "should"  rather 
than  "shall.”  NIH  considers  this  incon- 
sistent with  live  stated  principle  of 
specifying  requirements,  and  has 
therefore  mandated  adherence  to 
these  good  microbiological  practices. 

The  EMBO  Standing  Advisory  Com- 
mittee on  Recombinant  DNA  Re- 
search has  recommended  that  simple 
air  exhaust  cabinets  be  used  at  the  PI 
level  when  there  is  likelihood  of  pro- 
ducing large  amounts  of  aerosols.  In 
the  view  of  NIH  such  cabinets  are  un- 
necessary. as  the  agents  used  at  tills 
level  would  not  create  aerosols  hazard- 
ous to  laboratory  workera 

A recommendation  has  been  received 
from  the  EMBO  Standing  Advisory 
Committee  on  Recombinant  DNA  Re- 
search to  reclassify  P2  With  a class  III 
cabinet  as  equivalent  to  P3  specifica- 
tions. While  this  option  was  permitted 
in  the  1976  guidelines.  It  is  no  longer 
considered  practical.  The  cost  of  fabri- 
cating and  installing  class  III  cabinets 
would  far  exceed  the  cost  of  installing 
a new  exhaust-air  system  for  the  labo- 
ratory. It  is  considered  more  cosi-ef- 
fective and  desirable  to  convert  P 2 lao- 
oratories  into  P3  laboratories.  The 
elimination  of  the  1976  option  should 
be  viewed  as  an  encouragement  to  up- 
grade laboratories. 

It  has  been  observed  that  many  class 
II  safety  cabinets  do  not  meet  accept- 
ed standards.  A recommendation  has 
been  made  that  the  local  IBC  be  au- 
thorized to  certify  these  cabinets,  and 
that  such  a requirement  be  included  in 
the  guidelines.  It  should  be  noted  that 
the  guidelines  already  authorize  IBC's 
to  certify  safety  practices  and  proce- 
dures; however,  to  respond  more  di- 
rectly to  the  above  suggestion,  a spe- 
cial section  on  certification  of  biologi- 


cal safety  cabinets  has  been  included 
in  the  supplement  to  the  PRG-NLH 
entitled  "Laboratory  Safety  Mono- 
graph.” 

The  EMBO  Standing  Advisory  Com- 
mittee on  Recombinant  DNA  Re- 
search observes  that  in  the  case  of  a 
P3  facility,  the  proposed  revisions  do 
not  speak  to  precautions  against  the 
contamination  of  the  main  water  sup- 
plies by  laboratory  water  systems.  It  is 
noted  that  building  codes  and  labora- 
tory design  standards  require  that  pre- 
cautionary measures  be  taken  to  sepa- 
rate potable  water  systems  from  labo- 
ratory process  water.  Additional  pre- 
cautions have  been  required  at  the  P4 
level.  Standard  design  practice  is  felt 
to  be  appropriate  at  the  P3  level. 

Some  commentators  have  pointed 
out  that  the  PRG-RAC  did  not  re- 
quire an  autoclave  in  the  P3  labora- 
tory itself,  but  only  within  the  build- 
ing. The  1976  guidelines  require  that 
for  P3  laboratories  an  autoclave  be 
available  ‘‘within  the  building  and 
preferably  within  the  controlled  labo- 
ratory area."  Some  believe  an  auto- 
clave In  the  P3  laboratory  should  be 
required.  One  commentator  felt  that 
the  autoclave  should  be  "as  close  as 
possible"  to  the  controlled  area  of  the 
P3  laboratory,  not  merely  available  In 
the  same  building.  He  pointed  out  that 
from  an  operational  point  of  view,  the 
closer  the  autoclave  can  be  to  the  solid 
waste,  the  better.  This  is  especially 
true  In  the  larger  medical  research 
complexes,  where  transport  of  wastes 
from  the  laboratory  to  the  autoclave 
might  Involve  passage  ‘‘via  some 
rather  sensitive  patient  areas  of  the 
institution."  He  prefers  that  the  auto- 
clave be  located  either  In  the  con- 
trolled area  or  as  close  to  It  as  possi- 
ble. with  such  explicit  language  in  the 
guidelines.  The  language  in  the  1976 
guidelines  stating  that  in  a P3  labora- 
tory “an  autoclave  shall  be  available 
within  the  building  and  preferably 
within  the  controlled  laboratory  area” 
has  been  reinserted  in  the  PRG-NIH. 
However,  an  absolute  requirement 
that  the  autoclave  must  be  within  the 
controlled  area  Is  not  considered  ap- 
propriate. since  contaminated  materi- 
als can  be  safely  transported.  Such  a 
requirement  would  exclude  the  use  of 
autoclaves  In  waste  staging  areas  that 
have  been  conveniently  sited  to  sup- 
port an  entire  facility. 

The  PRG-RAC  states  that  P4  work 
can  be  done  in  either  (l)a  class  III 
cabinet  system  or  <2)  a class  I or  class 
II  cabinet  system  In  a special  area 
where  all  personnel  wear  one-piece, 
positive  pressure  suits.  Some  Investiga- 
tors apparently  prefer  use  of  pressure 
suits  over  work  in  the  class  III  cabi- 
nets. NIH  believes  that  the  suits  are 
especially  useful  in  working  with  ex- 
perimental animals  in  a P4  facility  or 
with  large  amounts  of  material.  At 


present,  however,  most  recombinant 
DNA  studies  are  handled  more  practi- 
cally in  a class  III  without  need  for  a 
suit. 

In  1976.  several  commentators  advo- 
cated that  NIH  arrange  for  sharing  of 
P4  facilities,  both  by  investigators 
from  the  NIH  intramural  program  and 
from  institutions  supported  through 
NIH  awards.  In  response  to  these  sug- 
gestions and  those  of  recent  commen- 
tators. we  have  arranged  to  make  our 
recently  established  P4  facilities  at  the 
Frederick  Cancer  Research  Center 
(Fort  Dc  trick)  available  to  outside  sci- 
entists. 

Shipment.  Some  commentators  have 
urged  that  stricter  controls  be  re- 
quired on  shipping  recombinant  DNA 
molecules  in  or  out  of  the  country.  It 
has  been  recommended,  for  example, 
that  shipping  procedures  differentiate 
between  types  of  substances  being 
transported.  We  wish  to  emphasize 
that  requirements  for  shipping  organ- 
isms that  con'aln  recombinant  DNA 
molecules  are  consistent  with  relevant 
Public  Health  Service.  Department  of 
Transportation,  and  Civil  Aeronautics 
Board  regulations,  and  are  also  in 
compliance  with  the  World  Health  Or- 
ganization recommendations  on  the 
International  shipment  of  biologic 
agents.  It  should  be  noted  that  organ- 
isms containing  recombinant  DNA 
molecules  all  require  the  same  con- 
tainment conditions  as  for  the  most 
hazardous  known  agents. 

The  EMBO  Standing  Advisory  Com- 
mittee on  Recombinant  DNA  Re- 
search recommends  that  before  a ship- 
ment Is  made,  the  recipients  of  organ- 
isms containing  recombinant  DNA 
molecules  should  affirm  to  the  donors 
that  they  are  following  the  safety 
standards  and  practices  of  their  coun- 
try. NIH  considers  this  a sound  recom- 
mendation and  reauires  the  following 
(as  stated  in  the  NIH  Guide  for  grants 
and  contracts); 

All  memoranda  of  understanding  and 
agreement  (MUA’a)  submitted  with  compet- 
ing and  noncorr.peting  applications  involv- 
ing recombinant  DNA  research  must  indi 
cate  that  the  principal  investigator  (pro- 
gram director,  fellow,  or  candidate)  agrees 
to  comply  with  the  NIH  Guidelines  and 
other  specific  NIH  instructions  pertaining 
to  the  proposed  project.  Included  in  the  pro- 
visions are  tne  following  pertaining  to  ship- 
ment or  transfer  or  recombinant  DNA  mate- 
rials: 

A.  Prior  to  shipment  or  transfer  of  recom- 
binant DNA  materials  to  other  Federally 
funded  investigators  within  the  United 
States,  the  sending  laboratory  shall  obtain  a 
letter  from  the  requesting  laboratory  stat- 
ing that: 

1.  Research  involving  recombinant  DNA 
molecules  shall  be  conducted  in  compliance 
with  the  NIH  Guidelines  and  other  NIH 
Instructions,  and  that  the  requesting  labora- 
tory shall  not  transfer  the  recombinant 
DNA  materials  to  other  laboratories; 

2.  The  requesting  laboratory  has  been  re- 
viewed by  its  Institutional  Biosafety  Com- 
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mlttee  which  has  certified  th,  facilities, 
procedures,  and  the  training  and  expertise 
of  the  personnel  Involved  are  adequate; 

3.  An  approve  MUA  with  a certification  is 
on  file  with  the  funding  agency  of  the  re- 
questing laboratory; 

4.  A copy  of  this  letter  is  on  file  with  the 
requesting  laboratory's  Institutional  Bloha- 
aards  Committee. 

B.  Prior  to  shipment  or  transfer  of  recom- 
binant DNA  materials  to  non-Federally 
funded  investigators  or  institutions  within 
the  United  States,  the  sending  laboratory 
shall  obtain  a letter  from  the  requesting 
laboratory  stating  items  1,  2,  and  4 under  A 
above. 

C.  Prior  to  international  shipment  of  re- 
combinant DNA  materials,  the  sending  labo- 
ratory shall  obtain  a statement  from  the  re- 
questing laboratory  stating  that  research  in- 
volving recombinart  DNA  molecules  shall 
be  conducted  in  a .-ordance  with  the  con- 
tainment levels  spe  -ified  by  the  NIH  Guide- 
lines, or  applicable  national  guidelines  if 
such  have  been  adopted  by  the  country  In 
which  the  research  is  to  be  conducted,  and 
that  the  requesting  laboratory  shall  not 
transfer  the  recombinant  DNA  material  to 
other  laboratories. 

D.  The  sending  laboratory  shall  maintain 
a record  of  all  shipments  of  recombinant 
DNA  materials  and  shall  provide  NIH  with 
a complete  list  of  such  shipments  in  the 
annual  progess  report  for  NIH  grants  and 
contracts. 

Mounth-pipetting  at  the  PI  level. 
Both  the  1976  guidelines  and  the 
PRG-RAC  prohibit  mouth-pipetting 
at  the  P2,  P3,  and  P4  levels.  For  the 
PI  level,  however,  they  state,  “Al- 
though pipetting  by  mouth  is  permit- 
ted, it  is  preferable  that  mechanical 
pipetting  devices  be  used.  When  pipet- 
ting by  mouth,  cotton-plugged  pipettes 
shall  be  employed."  A number  of  com- 
mentators have  urged  that  mouth-pi- 
petting  be  prohibited  at  the  PI  level  of 
physical  containment.  This  is  strongly 
endorsed  by  NIH  safety  experts,  who 
point  out  that  this  is  an  important 
safety  feature,  and  that  efficient  new 
mechanical  pipetting  aids  should  not 
greatly  hamper  researchers.  Also,  the 
EMBO  Standing  Advisory  Committee 
on  Recombinant  DNA  Research  “be- 
lieves that  mouth  pipetting  should  be 
prohibited  in  the  PI  laboratory,  as  it  is 
prohibited  in  P2-P4  laboratories.”  In 
addition,  the  Working  Group  of 
American  virologists  which  met  on 
April  6-7,  1978,  to  review  the  report  of 
the  U.S.-EMBO  Workshop  to  Assess 
Risks  for  Recombinant  Experiments 
Involving  the  Genomes  of  Animal, 
Plant,  and  Insect  Viruses1  wrote  the 
following  in  their  report: 

In  its  deliberations,  the  Working  Group 
was  impressed  with  the  safeguards  afforded 
by  a ban  on  mouth  pipetting  for  recombin- 


’The  history  of  the  U.S.-EMBO  Work- 
shop and  the  April  6-07,  1978,  working 
group  is  discussed  in  detail  in  Pt.  HI  of  this 
document  under  the  heading  "Recombinant 
DNA  Experiments  Involving  Viral  DNA” 
and  the  report  of  the  working  group  ap- 
pears as  App.  E to  the  accompanying  envi- 
ronmental impact  assessment. 


ant  DNA  experiments  involving  E.  coli  K-12 
host-vectors.  The  group  felt  that  the  only 
plausible  way  E.  coli  K-12  could  gain  entry 
into  laboratory  workers  was  by  oral  inges- 
tion. The  analysis  contained  in  the  U.S.- 
EMBO  Report  was  predicated  on  the 
remote  possibility  that  E.  coli  K-12,  con- 
taining eukaryotic  viral  DNA  would  be 
swallowed  and  the  viral  DNA  insert  would 
be  delivered  to  a tissue  in  the  body  which 
ordinarily  would  be  inaccessible  to  the  virus. 
A prohibition  of  mouth  pipetting  would 
clearly  prevent  this  sequence  of  events  from 
even  beginning.  The  Working  Group  there- 
fore recommended  that  no  mouth  pipetting 
be  allowed  at  any  level  of  physical  contain- 
ment (including  PI)  when  working  with  E. 
coli  K-12. 

On  the  other  hand,  when  I request- 
ed that  the  RAC,  at  their  April  27-28, 
1978,  meeting  reconsider  whether 
mouth  pipetting  should  not  be  banned 
at  the  PI  level,  it  was  their  consensus 
that  many  experiments  classified  as 
PI  need  not  include  a ban  on  mouth- 
pipetting,  and  that  therefore  PI  in 
general  should  not  be  redefined.  In- 
stead, they  recommended  that  only 
certain  classes  of  PI  experiments  be 
designated  as  requiring  no  mouth-pi- 
petting. 

In  resolving  this  issue,  I have  decid- 
ed to  adopt  the  conservative  position 
and  ban  mouth-pipetting.  Accordingly, 
language  has  been  inserted  in  the 
PRG-NIH  saying  that  at  the  PI  level, 
"Mechanical  pipetting  devices  shall  be 
used;  pipetting  by  mouth  is  prohibit- 
ed.” Since  mouth-pipetting  had  al- 
ready been  banned  at  the  P2-P-4 
levels,  this  means  that  it  is  now 
banned  for  all  experiments  covered  by 
these  guidelines. 

BIOLOGICAL  CONTAINMENT 

Review  of  RAC-proposed  guidelines 

Experiments  on  recombinant  DNA’s 
by  their  very  nature  lend  themselves 
to  applications  of  highly  specific  bio- 
logical barriers  as  a means  of  contain- 
ment. In  fact,  there  are  natural' bar- 
riers that  limit  either  the  infectivity  of 
a vector  or  vehicle  (plasmid  or  virus) 
to  specific  hosts,  or  its  dissemination 
and  survival  in  the  environment.  Both 
the  vectors  whereby  DNA  is  trans- 
ferred to  the  recipient  host  and  the 
host  cells  wherein  it  replicates  can  be 
designed  genetically  to  decrease  by 
many  orders  of  magnitude  the  prob- 
ability of  dissemination  of  recom- 
binant DNA  outside  the  laboratory. 

The  proposed  revised  guidelines  de- 
scribe the  categories  of  hosts  and  vec- 
tors to  be  used  in  minimizing  the 
spread  of  organisms  containing  recom- 
binant DNA  The  PRG-RAC  differs  in 
some  respects  from  the  1976  guidelines 
as  a result  of  certain  changes  in  defini- 
tions of  HV  systems  and  in  the  re- 
quirements at  specific  HV  levels  (nota- 
bly HV3).  A new  section  has  been 
added  on  certification  of  host-vector 
systems. 


Definitions  of  host-vector  systems.  A 
new  nomenclature— HV1,  HV2,  and 
HV3— has  been  developed  to  incorpo- 
rate a variety  of  hosts  and  vectors  into 
the  framework  initially  established  for 

E.  coli  K-12.  In  particular,  the  PRG- 
RAC  provides  criteria  for  HV1  systems 
other  than  E.  coli  K-12.  In  the  1976 
guidelines,  cloning  systems  other  than 
E.  coli  K-12  were  to  be  considered 
only  if  superior  to  E.  coli  K-12  in  con- 
tainment properties;  but  it  is  now  rec- 
ognized that  many  useful  experiments 
can  only  be  conducted  using  HV  sys- 
tems other  than  those  based  on  E.  coli 
K-12,  and  that  such  experiments 
should  be  permitted  so  long  as  the 
proposed  HV  system  provides  equiva- 
lent biological  containment.  The  new 
HV1  criteria  provide  a structure  for 
approval  of  systems  that  meet  these 
requirements.5 

HV2  systems.  AT  the  HV2  level  of 
containment,  there  are  no  substantive 
changes  comparing  the  1976  guidelines 
with  the  PRG  RAC.  However,  the 
RAC,  On  June  23,  1977-  the  same  day 
it  approved  the  PRG-RAC— also 
adopted  unanimously  “Instructions  to 
Investigators  Concerning  Data  To  Be 
Submitted  on  Host-Plasmid  Systems 
Proposed  for  EK2  Certification.”  Al- 
though not  officially  part  of  the  PRG- 
RAC,  these  instructions  set  forth  cri- 
teria that  any  putative  EK2  host- 
vector  systems  must  meet  before  rec- 
ommendation by  the  RAC  for  certifi- 
cation. The  RAC  applied  these  criteria 
in  reviewing  new  systems  (pBR322  and 
PBR313  in  X1776)  at  the  June  23,  1977, 
meeting,  and  will  do  so  for  all  future 
submissions.  It  was  made  clear  at  the 
meeting  that  these  criteria  are  defi- 
nitely more  stringent  than  previous 
ones,  and  this  greater  stringency 
means  that  EK2  host-vector  systems 
approved  now  and  to  be  approved  in 
the  future  are  even  safer  than  those 
approved  previously. 

Requirements  for  HV3  systems. 
These  have  been  made  more  stringent 
in  the  PRG-RAC  than  the  corre- 
sponding requirements  for  EK3  in  the 
1976  guidelines.  The  PRG-RAC  re- 
quires that  the  vector  be  dependent  on 
its  propagation  host  or  be  highly  de- 
fective in  mobilizability.  “Reversion  to 
host-independence  must  be  less  than 
Vio*  per  vector  genome  per  genera- 
tion.” Also,  the  vector  may  carry  no 
resistance  to  antibiotics  used  clinically 
or  in  agriculture.  The  provision  that 
antibiotic  resistance  markers  of  medi- 
cal or  agricultural  importance  are  not 
to  be  used  in  the  vector  should  pre- 
vent any  inadvertent  advantage  for  re- 
combinant DNA-bearing  vectors  that 
encounter  antibiotics  in  the  environ- 
ment. 


5 Under  the  proposed  revisions,  HVls 
other  than  E.  coli  K-12  need  not  offer  a dis- 
tinct advantage  over  E.  coli  K-12  host-vec- 
tors, need  not  be  capable  of  modification  to 
HV2  and  HV3,  and  need  not  be  class  I etlolo- 
gic  agents. 
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Certification  of  host-vector  systems. 
A new  section  has  been  added  detail- 
ing the  responsibility  for  certification 
of  HV1,  HV2.  and  HV3  systems,  the 
types  of  data  to  be  submitted,  and  the 
mechanisms  for  distributing  strains 
once  certified.  The  section  delineates 
procedures  used  by  the  RAC  for  the 
past  2 years  and  therefore  represents 
no  change  from  practices  under  the 
1976  guidelines. 

Review  of  comments  and  NlH-pro- 
posed  guideline* 

I have  reviewed  the  biological  con- 
tainment section  of  the  PRG-RAC  in 
the  light  of  comments  and  suggestions 
made  by  participants  of  the  Directors 
Advisory  Committee  (DAC)  as  well  as 
written  comments  received  before  and 
afterward,  and  have  adopted  the  rec- 
ommendations of  the  PRG-RAC  with 
some  revisions.  An  analysis  of  the  spe- 
cific issues  raised  by  commentators 
and  the  basis  for  my  decision  follow. 

Development  of  Alternative  Host- 
Vector  Systems.  Many  commentators 
from  the  scientific  community  believe 
that  the  PRG-RAC  discriminates 
against  alternate  host  vector  systems 
other  than  E.  coli  K-12.  Thpy  urge  de- 
velopment of  other  systems,  maintain- 
ing that  new  systems  will  be  needed 
increasingly,  both  in  pure  research 
and  in  industry,  and  should  be  certi- 
fied as  soon  as  possible.  It  is  unlikely, 
according  to  one  commentator,  that 
agriculture  will  best  be  served  through 
the  use  of  E.  coll  K-12  (or  B.  subtUis). 
and  that  alternate  host-vector  systems 
are  therefore  essential  if  the  potential 
of  recombinant  Dh'A  technology  for 
agriculture  is  to  be  realized.  In  view  of 
the  support  evident  at  the  1976  DAC 
meeting  for  NIH  to  encourage  develop- 
ment of  alternate  host-vector  systems, 
one  commentator  expressed  disap- 
pointment that  there  was  not  now  a 
large  NIH  contract  program  in  this 
area. 

Others  view  the  Introduction  of  al- 
ternate HV  systems  with  some  misgiv- 
ings. It  was  pointed  out.  for  example, 
that  if  uncertainty  continues  to  sur- 
round research  with  so  well-studied  an 
organism  as  E.  coli  K-12.  our  igno- 
rance must  be  that  much  greater  with 
regard  to  any  other  organism— Its  eco- 
logical involvement,  the  organisms 
with  w hich  it  can  exchange  DNA.  etc. 
Moreover,  the  guidelines,  which  have 
been  developed  around  the  use  of  E. 
coli  K-12.  are  primarily  focused  on 
dangers  to  man.  and  the  Introduction 
of  new  systems  may  affect  other  life 
forms  with  which  we  should  be  equal- 
ly concerned.  In  the  view  of  commen- 
tators who  urge  restraint,  the  larger 
the  number  of  systems  certified,  the 
greater  the  problem  of  monitoring  the 
work. 

Clearly,  however,  research  addressed 
to  the  development  of  other  host- 
vector  systems  must  proceed.  This  is 


particularly  evident  in  the  agricultural 
sector,  where  the  potential  for  imme- 
diate benefits  to  man  is  great.  At  pres- 
ent. a number  of  alternate  systems,  in- 
cluding' those  using  B.  subtilis  and 
Saccharomyces  ceretisiae.  are  being 
developed  by  NIH  grantees.  The  inter- 
est shown  by  numerous  investigators 
in  developing  new  host- vector  systems 
means  that  NIH  need  not  develop  a 
special  program  to  promote  research 
in  this  area. 

I appreciate  and  understand  the  con- 
cern of  those  who  urge  deliberate  cau- 
tion. I would  stress  that  the  same  con- 
siderations of  safety  and  risk  associat- 
ed with  the  use  of  E.  coli  K-12  will 
also  apply  to  any  new  host-vector  sys- 
tems to  be  certified  in  the  future. 

Risk  Assessment  Many  commenta- 
tors advocate  more  studies  in  risk  as- 
sessment. It  has  been  maintained  that 
assumptions  about  biological  contain- 
ment may  not  be  valid  and  that  all 
components  should  be  tested.  Concern 
has  been  expiessed  that  the  biological 
containment  safety  systems  may  fail 
altogether. 

Some  risk  assessment  studies  are 
prohibited  by  the  1976  guidelines. 
Under  the  PRG-RAC.  however,  the 
Director.  NIH.  on  recommendation  of 
the  RAC.  would  have  discretion  to 
permit  such  risk  assessment  experi- 
ments by  granting  a waiver  from  a spe- 
cific prohibition.  There  was  virtually 
unanimous  support  for  this  discretion 
at  the  DAC  hearing  in  December  1977. 
Of  course,  its  exercise  must  be  consist- 
ent with  standards  of  due  process  for 
the  scientific  community  and  the 
public. 

Risk  assessment  studies  are  proceed- 
ing both  within  and  outside  the 
United  States.  For  example,  the  "po- 
lyoma-' experiment.*  which  was  de- 
layed in  this  country  because  of  litiga- 
tion and  the  renovations  necessary  to 
meet  the  extremely  stringent  P4  re- 
quirements. has  now  begun  here,  and 
a similar  experiment  is  proceeding  in 
Europe.  The  work  of  Robin  Holliday 
in  assessing  statistical  probabilities  of 
biological  acclderts  is  also  noteworthy 
(see  appendix  P of  the  October  1977 
Environmental  Impact  Statement). 

NiH  is  committed  to  the  conduct 
and  support  of  risk  analysis  studies  to 
determine  the  extent  to  which  certain 
potentially  harmful  effects  from  re- 
combinant DNA  molecules  may  occur. 
It  is  Intended  that  the  NIH  P4  facili- 
ties both  in  Bethesda.  Md..  and  at  the 
Frederick  Cancer  Research  Center  will 
serve  as  a focal  point  for  many  such 


‘TWo  NIH  virologists.  Drs.  Wallace  Rowe 
and  Malcolm  Martin,  are  Unking  viral  DNA 
from  the  mouse  polyoma  virus  with  the 
DNA  of  bacterial  plasmids  and  bacterio- 
phages and  Inserting  this  recombined  DNA 
into  a weakened  strain  of  E.  colt  The  bacte- 
ria will  then  be  Injected  Into  or  fed  to  mice 
to  determine  the  effects.  If  any.  of  the  viral 
DNA. 


studies.  Provision  has  already  been 
made  to  share  these  facilities  with 
non-governmental  scientists. 

It  should  he  stressed  that  prior  to 
certification  as  EK2.  each  candidate 
EK2  host-vector  system  is  analyzed  in 
great  detail  by  the  RAC  ard  NIH. 
Much  data  must  be  submitted,  a good 
deal  of  which  is  risk  assessment  data. 

Safety  of  E.  Coli  K-12.  In  1976.  there 
was  considerable  comment  regarding 
the  use  of  E.  coli  K-12  as  a host,  in- 
cluding recommendations  that  its  use 
be  prohibited.  Some  recent  commenta- 
tors have  also  questioned  the  safety  of 
E.  coli  K-12.  noting  that  the  Fal- 
mouth Workshop  proceedings  had  not 
been  published  for  public  review.  On 
the  other  hand,  one  commentator 
urged  that,  base  on  the  safety  of  E. 
coli  K-12.  essentially  all  experiments 
employing  E.  coli  K-12.  be  exempted 
from  the  Guidelines.  An  extensive  dis- 
cussion of  E.  coli  K-12  together  with 
new  scientific  information  on  its 
safely  are  presented  in  part  III  of  this 
document  and  in  a special  section  of 
the  Environmental  Impact  Assess- 
ment. 

The  proceedings  of  the  Falmouth 
Workshop  have  now  been  published  in 
the  May  1973  issue  of  Journal  of  In- 
fectious Diseases.  Reprints  are  availa- 
ble from  the  Office  of  Recombinant 
DNA  Activities,  NIH.  Bethesda.  Md. 
20014.  As  noted  in  a letter  of  July  14, 

1977.  from  Dr.  Sferwood  Gorbach. 
moderator  of  the  Falmouth  Workshop 
and  Chief  of  Infectious  Disease  and 
Professor  of  Medicine  at  Tufts  Univer- 
sity School  of  Medicine.  "The  partici- 
pants arrived  at  unanimous  agreement 
that  E.  coli  K-12  cannot  be  converted 
Into  an  epidemic  pathogen  by  labora- 
tory manipulations  with  DNA  inserts." 

Comments  on  Specific  Containment 
Levels.  One  commentator  sought  clari- 
fication of  sec-ion  II-D-l-a  of  the 
PRG-RAC.  which  defines  HV1.  Ac- 
cording to  the  second  sentence.  "The 
host  should  have  a low  potential  for 
survival  in  its  natural  environment." 
As  the  commentator  noted,  " natural 
environment-  could  be  ambiguous.  In 
practice.  Presumably  many  of  the  host 
cells  that  people  may  wish  to  use  have 
no  natural  environment  other  than 
the  laboratory."  I referred  this  com- 
ment to  the  RAC  at  its  April  27-28. 

1978.  meeting.  The  RAC  agreed  that 
this  sentence  is  ambiguous  and  recom- 
mended that  it  be  deleted.  I have  done 
so  in  the  PRG  -NIH. 

A question  was  raised  on  whether 
HV1  hosts  could  be  wild  type  organ- 
isms or  if  they  are  always  "meant  to 
harbor  containment  mutations."  If 
wild  type  organisms  can  qualify  as 
HV1,  then  the  definition  of  HV1 
should  be  reworded  to  state  this  ex- 
plicitly. The  answer  to  the  question  is 
that  if  wild  type  organisms  meet  the 
criteria  for  HV1,  they  may  be  certified 
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3^  HYI.  However.  I see  no  need  to 
. v.  : ' : ■ ex- 

plicitly. 

C r.e  coir.  T.enta  tor  thought  the 
sfG-'u..ri;  for  HYi  should  be  signifi- 
cantly relay  'd  and  that  KIH  approval 
should  not  be  necessary.  He  proposed 
that  the  Guidelines  sure  that  "wild 
type  isottts  cf  any  bacterial  species 
no;  known  to  be  pathogenic  to 
humans,  .o  domestic  animals,  or  to  ag- 
riculturally important  plants  may  be 
used  as  an  HYI  host-vector  system, 
provided  that  all  components  of  re- 
combinant DNA  molecules  introduced 
into  such  a host-vector  system,  are  de- 
nied from  other  prokaryotic  organ- 
isms within  Etiologic  Agent  Class  1.  " I 
have  rejected  this  suggestion  since  I 
believe  it  prudent,  at  least  for  the 
present,  to  have  hither  standards  and 
to  require  NTH  approval  before  a 
system  may  be  called  EY1.  Seme  com- 
mentators have  urged  that  the  re- 
quirement for  independent  confinra- 
ticn  of  reiet  mnt  phenotypic  and  geno- 
typic traits  before  certification  at  the 
KV3  level  should  also  be  applied  at  the 
HY2  level.  There  are  two  objects  of 
such  testing:  1'  Tc  determine  wheth- 
er a system  already  approved  has 
changed  its  characteristics  before  a 
new  sample  of  it  is  distributed  (for  ex- 
ample. whether  the  amber  mutations 
for  phage  systems  are  still  present), 
anc  .2  to  repeat  independently  all  the 
safety  tests  required  before  each  new 
system  wool.',  be  certified.  The  first 
could  be  done  easily  and  is  sufficient 
to  confirm  the  safety  characteristics: 
the  second  is  cumbersome  and  dhfi- 
cult.  It  should  be  pom  ted  out  that  the 
RAC  and  .:s  working  groups  that 
review  the  data  on  proposed  EY2  sys- 
tems are.  in  eitect.  conducting  an  inde- 
pendent check  and  know  this  area  of 
research  well.  Further,  the  Committee 
no]  esS  that  add  :r.al  experi- 

mental data  be  subrtutted  as  part  of  its 
review.  NTH  t.Iie>es  these  controls  to 
be  sufficient.  Consequently,  the  re- 
quirement for  an  independent  check 
at  the  EV  2 level  is  deemed  unneces- 
sary. 

For  the  ET3  level  of  containment, 
some  objections  have  been  raised  to 
the  requirement  banning  antibiotic-re- 
sistance markers,  Antibiotic  resistance 
can  serve  as  a valuable  marker  in  ex- 
periments with  organisms  bearing  re- 
combinant DNA.  The  ban  at  the  HY3 
level,  however,  is  p-udent  masmuth  as 
organisms  rendered  antibiotic  resis- 
tant would  be  less  amenable  to  control 
should  they  escape  from  the  labora- 
tory. This  requirement  also  allows 
only  a certain  class  cf  certified  3TY2 
systems  to  qualify  for  EV3.  Therefore, 
attempts  to  develop  systems  that  meet 
these  KV3  criteria  should  simulta- 
neously upgrade  the  HYI  systems  in 
use.  since  it  is  to  the  experimenters 
advantage  to  use  those  HY2  systems 


with  the  greatest  likelihood  of  meet- 
ing HV3  criteria. 

Cc  rtification.  A number  of  commen- 
tators have  urged  more  precise  criteria 
for  biological  containment  systems. 
They  feel  that  criteria  should  be  as  ob- 
ject ive  as  possible  and  should  be 
framed  in  terms  o:  performance.  ss  in 
the  case  of  physical  containment  (for 
example,  safety  cabinets).  It  should  be 
stressed  that  specific  oojectivs  criteria 
do  exist  for  EK2  host-vector  systems. 
These,  however,  do  not  appear  in  the 
Guidelines  themselves,  but  rather  as 
information  in  the  Environmental 
Impact  Statement.  Appendix  H.  enti- 
tled ' Certificaricn  of  EK2  Host-Vector 
S>  stems.”  To  insure  that  detailed  ma- 
terial cn  certification  of  host-vector 
systems  is  readily  accessible,  NIH  will 
publish  specific  criteria  in  a standar- 
ized  format  in  the  Recombinant  DNA 
Technical  Bulletin.  Specific  instruc- 
tions concerning  the  type  of  data  to  be 
submitted  to  NIH  for  proposed  ES2 
systems  involving  either  plasmids  or 
bacteriophage  lambda  in  E.  cc.:  K-12 
are  available  from  the  NIH  Office  of 
Recombinant  DNA  Activities,  and  a 
statement  to  this  effect  is  included  in 
the  FRG-NIH. 

Many  problems  persist  for  setting 
general  criteria  that  could  be  applied 
to  ad  organisms  for  possible  certifica- 
tion as  HY2  and  EY3.  Eor  example, 
with  B.  subtilis,  which  forms  spares, 
safety  would  depend  on  nonsporulat- 
ing  derivatives.  Some  commentators 
urged  that  ah  new  systems  be  certified 
with  deliberate  caution.  ar.u  that  crite- 
ria and  evidence  should  be  a matter  of 
public  record  before  decisions  are 
made.  The  B.  subtilis  system  was  cited 
as  a case  in  point;  extensive  public 
analysis  ar.d  debate  should  precede 
certification. 

I agree  that  prior  notification  to  the 
public  in  the  Federal  Register  should 
be  given  when  the  RAC  considers  ap- 
plications for  certification.  (It  should 
be  noted  that  ai,  meetings  cf  the  RAC 
are  announced  in  the  Federal  Regis- 
ter.: I also  agree  with  the  suggestion 
that  the  RAC  snould  have  a more 
fixed  schedule  of  meetings  throughout 
the  year  so  that  the  public  and  scien- 
tific communities  may  knew  the 
schedule  of  everts  clearly. 

The  entire  section  (II-D-2-a>  on  re- 
sponsibility for  certification  of  host- 
vector  systems  has  been  rewritten  in 
the  FRG-NIH  to  clarify  this  process. 

Distribution  of  Certified  Host- Vec- 
tors. Some  commentators  have  sug- 
gested that  NIH  distribute  HYI  sys- 
tems as  well  as  HY2  and  HV3  systems. 
Language  has  been  placed  in  the 
PRG-NTK  indicating  that,  where  ap- 
propriate, HYI  systems  other  than  E. 
cc . : K-12  may  be  sent  by  NIH  to  inves- 
tigators. 

Concern  has  been  expressed  about 
culture  contamination  and  how  this 


problem  would  be  addressed.  The 
PRG-NIH  provides  that  if  NIH  propa- 
gates any  of  the  host  strains  or 
phages,  it  will  not  distribute  the  cul- 
ture before  sending  a sample  to  the  in- 
vestigator who  developed  the  system 
or  to  an  appropriate  contractor  for 
verifies  .ion  that  "the  materiJ  is  free 
from  contamination  and  unchanged  in 
phenotypic  properties."  The  FRG- 
NIH  also  assigns  to  the  investigator 
the  res;  onsibility  for  "insuring  the  in- 
tegrity of  physical  containment  (e.g., 
biological  safety  cabinets)  and  biologi- 
cal containment  (e.g.,  genotypic  and 
phenotypic  characteristics,  purity, 
etc.).” 

Distribution  of  certified  host-vector 
systems  has  raised  comment  relating 
to  the  protection  of  proprietary  infor- 
mation and  patent  rights,  for  this  sec- 
tion of  the  Guidelines  seems  to  man- 
date distribution  ar.d  might  conflict 
with  patent  protection.  NIH  has  care- 
fully considered  such  protection.  Lan- 
guage has  been  included  in  the  PRG- 
NIE  (in  sect.on  IV-C)  allowing  PAC 
review  for  certification  at  the  request 
of  the  private  sector.  The  language 
notes,  however,  that  interested  indi- 
viduals should  consider  filing  for 
patent  protection  before  submitting 
information  to  PHEW.  To  be  consist- 
ent with  the  institutional  patent 
agreement  policies  of  the  Department 
of  Health,  Education,  ar.d  Welfare, 
support  is  accorded  the  concept  of  pro- 
tection of  proprietary  and  patent 
rights  within  the  bounds  of  due  proc- 
ess for  public  review. 

III.  Containment  Guidelines  for 
Covered  UsEERjeENTS 

REVIEW  OF  RAC-PROPOSED  GUIDELINES 

A major  concern  cf  all  individuals 
who  have  participated  in  establishing 
guidelines  fer  recombinant  DNA  re- 
search is  that  any  guidelines  that  are 
drafted  and  adopted  oe  reassessed  pe- 
riodically and  changes  made  when 
warranted  by  new  information  and/or 
expei  imenta:  data.  In  keeping  with 
this  responsibility,  the  RAC  compDed 
additional  information  pertaining  to 
risk  assessment  in  recomoinani  DNA 
research.  This  information  is  in  the 
following  forms: 

1.  Consultations  with  scientists  with 
expertise  in  the  areas  of  evolution, 
plant  biology,  oactenoiogy,  virology, 
and  human  and  animal  infectious  dis- 
eases; 

2.  Reports  from  scientific  meetings 
dealing  with  the  potential  biohazards 
of  recombinant  DNA  research  (for  ex- 
ample, the  Tenth  Miles  International 
Symposium  on  Recombinant  Mole- 
cules—Impact  on  Science  and  Society, 
Cambridge,  Mass..  June  1976;  the  Na- 
tional Academy  of  Sciences  forum  on 
Recombinant  DNA  Research.  Washing- 
ton. D.C..  March  1977;  Genetic  Engi- 
neering for  Nitrogen  Fixation,  Brook- 
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haven,  X T,  March  IS":  and  the 
ITortrfop  o*  Studies  for  Auexrr-.raf  of 
Pc  Initial  Risk  Au«i a ird  flh  P.ecsir.- 
t>-.nant  DMA  £-rpm  w.  rn.ta.tion,  Fai 
mouth.  Mass..  Jujw  1J77  r. 

3.  Results  from  experiments  specifi- 
cs’Ij  designed  to  test  'at  the  rzrrivabi- 
L;y  and  cokmi^sf  ibCi'.T  of  £.  colt  K- 
13  and  EK2  hos’-vector  sys terns.  (b) 
the  trarsm-ssib  lity  of  plasmids  and 
pbsge  vectors.  <e>  the  potential  of  F 
coli  K-13  for  pathogenicity.  and  (d) 
the  t>e*.erlial  of  genetc  exchange  be- 
tween diverse  bacteria  and  between 
euUr>MX  and  prokaryotic  c reams  .-ns 

Each  caicfonr  of  expcrimectj  in 
part  III  of  the  ordinal  guide  lines  was 
then  extensively  examined,  applying 
the  following  criteria  to  the  new  ir.for- 
matloir 

• Tb  e decree  to  which  the  DNA  seg- 
ment has  been  purified  away  from 
other  teres  and  shown  to  be  free  of 
harmful  characteristics: 

• The  potert.ai  fc.chaxard  associat- 
ed with  the  DNA  of  the  cell  or  rrucro- 
ortuiism  that  serves  as  the  DNA 
source  <e*..  genes  for  toxin  prod uc- 

• The  potential  biohazard 

ed  w.th  the  vector  that  serves  to  trans- 
mit the  source  DNA  to  a recipient  host 
cell: 

• The  ability  of  the  vector  to  sur- 
vive to  natural  environments  or  habi- 
tats: 

• The  kinds  and  number  of  differ- 
ent organisms  that  are  susceptible  to 
infection  by  the  vector  or  recipient: 

• The  potential  biohazard  of  the  re- 
cipient host  cell  that  serves  to  repli- 
cate the  recombinant  DNA  molecule: 

o The  ability  of  the  recipient  cell  to 
survive  to  natural  environments  of 
habitats; 

a The  ability  of  the  recipient  cell  to 
trinsmit  the  recombinant  DNA  mole- 
cule to  other  cells  capable  of  surviving 
in  natural  environments  or  habitats: 

• The  potential  of  the  recipient  cell 
to  obtain  the  source  DNA  by  natural 
means,  and 

o The  evolutionary  relatedness  of 
the  DNA  source  to  humans.  Tne  po- 
tential dangers  are  considered  to  in- 
crease as  the  organism  prov>d_ng  the 
source  DNA  approaches  humans  phy- 
togenetically.  Thus,  source  DNA  from 
pnmate  cells  h considered  to  have 
greater  potential  danger  than  source 
DNA  from  prokaryotes. 

To  present  more  dearly  the  changes 
in  containment  levels  proposed  by  the 
PRG-RAC.  a table  was  prepared  for 
use  at  the  December  1977  mecbng  of 
the  Advisory  Committee  to  the  Direc- 
tor. which  compared  the  containment 
levels  in  the  PRG-RAC  with  those  of 
the  1976  guidelines.  This  table  has 
now  been  expanded  w.th  a third 
column  to  show  the  containment 
levels  of  the  proposed  revised  guide- 


lines which  are  row  be  to*  proposed  by 
NIH  cabled  PRG-NIH  . Tne  tab.e  ap- 
pears as  appendix  A to  the  accompa- 
nying Environmental  Impact  Assess- 
ment. 

The  rematoder  of  this  section  sum- 
marizes a number  of  the  proposed 
changes  comparing  the  1976  gli  de  lines 
wits  the  PPG -RAC.  (Not  all  the 
changes  are  discussed  here:  certain 
items  in  which  the  PRG-NIH  tollers 
s^mficaaiiy  from  the  PRG-RAC  are 
considered  below  to  the  section  enti- 
tled Review  of  Comments  and  NTH 
Proposed  Guide  lines.')  The  r.urr-bers 
in  parentheses  indicated  the  Lne  num- 
bers on  the  table  to  which  the  pro- 
posed revision  applies. 

Tne  principal  changes  reflected  to 
the  table  ere  as  follows: 

• Several  categories  of  experiments 
< pr-.rr.xnly  those  involving  prokaryotes 
that  are  exchangers  of  genetic  Infor- 
mation with  t cull  to  nature)  are  no 
longer  subject  to  the  provisions  of  the 
PKG-RAC  due  to  the  changes  to  the 
(Winner  See  Lnes  30.  21.  27.  46.  and 
47  ) 

• Shotgun  experiments  involving 
b rds  and  mammals  other  than  pri- 
mates sere  the  subject  of  lowering  of 
containment  from  P3  - EK2  to 
P3-EK2  This  action  reflects  the  In- 
creased confidence  of  the  RAC  in  the 
EK2  host-rector  systems  (See  lines  4 
and  S.) 

• Another  category  which  the  RAC 
decided  was  to  need  of  revision  was 
that  pertaining  to  the  cloning  of  DNA 
from  orgarusms  producing  a toxic 
product.  This  aas  clarified  to  the 
PRG-RAC  by  specifying  whether  or 
not  polypeptide  toxins  are  produced, 
and  setting  containment  lev  f j accord- 
ingly. Polypeptide  toxins  are  specified, 
since  they  might  be  encoded  by  a 
single  gene  or  cluster  of  gen**-  Tcxins 
of  other  chemical  structure  would  not 
result  from  a single  gene  or  cluster  of 
genes.  <See  Lines  8 9.  10.  11.  12.  16.  17. 
and  19.) 

• For  several  categories  of  experi- 
ments. it  is  proposed  that  the  investi- 
gator have  the  option  of  working  at 
P2-EK1  or  PI  - EK2  rather  than  the 
P2-EK1  levels  previously  specified. 
This  agan  reflects  confidence  m the 
EK2  systems.  See  lines  7.  14.  and  IS.) 

• The  toweling  of  containment  for 
experiments  with  rigorously  charac- 
terized clones  free  of  harmful  genes 
was  revised  to  provide  more  fexibuity. 
Under  the  PRG-RAC.  institutional 
biosafety  committees  IBCs*  would  be 
able  to  lower  coctairunect  by  a single 
level.  The  IB  J should  consider  the 
purity,  extent  of  characterization.  and 
harmlessness  of  the  done  before  al- 
lowing such  lowering.  Reduction  of 
containment  by  more  than  one  level 
would  require  approval  by  NTH.  Under 
the  1976  guidetoies.  NTH  had  the 
option  of  towering  containment  down 


to  ceri.i  specified  levels  or  not  lover- 
tog  it  at  aLL  The  PRG-RAC  wc^ld 
al’-cv  NTH  to  consider  all  available 
data  for  the  done  and  to  tower  con- 
Uuaaent  according’  y. 

In  add:*  ton.  the  sect,  an  now  applies 
to  Vigorously  characterized  clones 
from  any  perm-ss-ble  experiment  in  F 
coil  K 12  Under  the  ongjial  r— de- 
lutes.  cootajiment  for  F coil  K-13 
clones  coot Lahunc  characterized  and 
harmless  port. or.  of  viruses  and  plas- 
mids could  not  be  towered. 

The  rationale  for  these  proposed 
changes  is  explained  in  f urther  oetah 
to  the  Envu-ocir-eniai  Impact  Assess- 
ment. 

trurw  or  cc  iocrvrs  » vr  xie  reoposm 
error  rxrs  c tv  Emu.  ) 

Reftoaole 

Part  m of  the  guidel-nes  received 
the  most  extensive  comment  of  any 
section  touring  the  dsreiopenent  of  the 
original  gu- del: ties  in  early  1976  WhOe 
there  aas  also  much  d-sc*. tssjon  of  this 
pan  to  the  PRG-RAC.  the  issues 
raised  did  not  primarily  address  the 
proposed  changes  in  the  containment 
levels  but  more  general  topics  such  as 
the  need  for  a ranona’-e  for  each  of 
the  changes. 

A number  of  cccamialors  asked 
that  the  rationale  for  the  classifica- 
tion of  percuss.  z>  experiments  be 
dearly  spelled  out.  It  was  pointed  oat 
that  (1)  the  part  on  permissible  ex- 
periments b especially  -ilficult  for  a 
lay  person  to  understand.  (2)  the 
whole  categorization  is  dependent 
upon  invest  igator-al  confidence  rather 
than  documented  fact,  and  (3)  the 
Quantification  of  conta.’rmer.t  levels, 
the  means  by  which  the  levels  were 
decided,  and  the  rationale  for  racing 
and  lowering  these  levels  are  not  clear. 

In  general  the  classification  may 
appear  somewhat  arbitrary,  because  it 
depends  in  large  part  on  the  soectifie 
judgment  of  the  RAC  rather  than  on 
demonstrable  risk  since  there  b actu- 
ally no  scientific  evidence  of  hazard  to 
any  recombinant  DNA  expermer.t. 

The  rationale  for  classifying  differ- 
ent recombinant  DNA  experiments  at 
different  containment  levels  was  ex- 
plained to  the  ' Decision  of  the  Direc- 
tor. Nat;;nai  Institutes  of  Health.  To 
Release  Guidelines  for  Research  on 
Recombinant  DNA  Molecules."  which 
was  published  along  with  the  current 
r--de Lines  to  the  Fspes.u.  Rxgiste*  on 
July  7.  1976.  as  follows: 

The  gjndffnes  theeas  levels  of 

m a -wryrri  tor  expenmedi  a vtucij  DNA 
from  ddferec:  sc  _-res  is  to  x a-lrotoiced 
su>  ir.  £ coil  K-12  boss-vector  itsol  The 
nraua  s taxed  cc  boot  f tens  azto  issrn- 
(n&  There  are  tome  pn  tm  ices  bacteria 
which  ecnstar.dj  firtiap  DNA  vr-.h  £ 
coh.  Here  r.  h assumed  lhal  exper-t n-e-c.Ul 
ccxxamoQS  beyooa  those  :ou_-yc  a rarefuL 
rauuw  Kicroeucwocy  laboratories  are  sper 
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fiuous.  because  an  exchange  experiments 
have  undoubtedly  been  performed  already 
in  nature. 

In  every  instance  of  artificial  recombina- 
tion. consideration  must  be  given  to  the  pos- 
sibility that  foreign  DNA  may  be  translated 
into  protein  (expressed',  and  also  to  the  pos- 
sibility that  normally  repressed  genes  of  the 
host  may  be  expressed  and  thus  change,  'un- 
desirably. the  characteristics  of  the  cell.  It 
is  assumed  that  the  more  similar  the  DNAs 
of  donor  and  host,  the  greater  the  probabil- 
ity of  expression  of  foreign  DNA.  or  of  pos- 
sible derepression  of  host  genes.  In  those 
cases  where  the  donor  exchanges  DNA  with 
E.  coli  in  nature,  it  is  unlikely  that  recom- 
bination experiments  will  create  new  genet- 
ic combinations.  When  prokaryote  donors 
not  known  to  exchange  DNA  with  E.  coli  in 
nature  are  used,  however,  there  is  a greater 
potential  for  new  genetic  combinations  to  be 
formed  and  be  expressed.  Therefore,  it  is  re- 
quired that  experiments  involving  prokaryo- 
tic DNA  from  a donor  that  is  not  known  to 
exchange  DNA.  with  E.  coli  in  nature  be  car- 
ried out  at  s higher  level  of  containment. 
Recombination  using  prokaryotic  DNA  from 
an  organism  known  to  be  highly  pathogenic 
is  prohibited. 

There  are  only  limited  data  available  con- 
cerning the  expression  of  DNA.  from  higher 
forms  of  life  (eukaryotes)  in  E.  coli  (or  any 
father  prokaryote).  Therefore,  the  contain- 
ment prescriptions  for  experiments  insert- 
ing eukaryotic  DNA  into  prokaryotes  are 
based  on  risks  having  quite  uncertain  prob- 
abilities. 

On  the  assumption  that  a prokaryote  host 
_Uht  translate  eukaryotic  DMA,  it  is  fur- 
ther presumed  that  the  product  of  that  for- 
eign gene  would  be  most  harmful  to  man  if 
it  were  an  enzyme,  hormone,  or  other  pro- 
tein that  was  similar  homologous)  to  pro- 
teins already  produced  by  or  active  in  man. 
An  example  is  a bacterium  that  could  pro- 
duce insulin.  Such  a "rogue”  bacterium 
could  be  of  benefit  if  contained,  a nuisance 
or  possibly  dangerous  if  capable  of  surviving 
in  nature.  This  is  one  reason  that  the 
higher  the  phylogenetic  order  of  the  eukar- 
yote. the  higher  the  recommended  contain- 
ment. at  least  until  the  efficiency  of  expres- 
sion of  DNA  from  higher  eukaryotes  in  pro- 
karyotes can  be  determined. 

There  is  a second,  more  concrete  reason 
for  scaling  containment  upward  as  the  eu- 
karyote host  becomes  similar  to  mam.  This 
is  the  concern  that  viruses  capable  of  propa- 
gating in  human  tissue,  and  possibly  causing 
diseases,  can  contaminate  DNA.  replicate  in 
prokaryote  hosts  and  infect  the  experimen- 
talist. Such  risks  are  greatest  when  total 
DNA  from  donor  tissue  is  used  in  "shotgun” 
recombinant  experiments:  it  diminishes  to 
much  lower  levels  when  pure  cloned  DNA  is 
used. 

The  structure  of  the  classification 
for  permissible  experiments  is  based, 
therefore,  on  assumptions  governing 
potential  risk.  It  should  be  emphasized 
again  that  although  recombinant  DNA 
experiments  have  now  been  performed 
for  over  five  years  in  hundreds  of  labo- 
ratories throughout  the  world  with 
hundreds  of  thousands  of  different  re- 
combinant DNA  molecules  produced, 
no  case  of  hazard  has  been  demon- 
strated. 

Part  III  of  the  guidelines  assigns  to 
each  specified  class  of  experiments  a 


level  of  physical  containment  and  a 
level  of  biological  containment  at 
which  the  experiment  shall  be  pier- 
formed.  As  noted  before,  there  is 
10.000-  to  100.000-fold  protection  in 
going  from  a class  I or  n biological 
safety  cabinet  to  a class  III  biological 
safery  cabinet  (i.e.,  from  P3  to  P4). 
Similarly,  in  going  from  PI  to  P3  there 
may  be  a 10.000-  to  100.000-fold  in- 
crease in  safety.  For  biological  con- 
tainment, there  is  the  criterion  for 
HV2  systems  that  "escape  of  the  re- 
combinant DNA  either  via  survival  of 
the  organisms  or  via  transmission  of 
recombinant  DNA  to  other  organisms 
should  be  less  than  1/1CS  under  speci- 
fied conditions.”  However,  that  crite- 
rion is  not  relative  to  the  HV1  host- 
vector  systems  but  absolute:  thus,  this 
might  be  a characteristic  found  for 
some  host-vectors  in  the  HV1  system, 
but  it  is  mandated  for  all  EV2  sys- 
tems. This  level  was  chosen,  it  was 
pointed  out.  because  it  represents  a 
practical  limit  which  one  can  measure 
experimentally. 

Use  of  E.  coli  K-l  2 

A number  of  comments  were  made 
concerning  the  use  of  E.  coli  host- 
vector  systems.  It  was  observed  that 
because  E.  coli  K-l  2 is  currently  a 
“poor"  pathogen  doesn’t  mean  that  it 
might  not  be  converted  to  a “good” 
pathogen  with  the  addition  of  one  or 
two  genes;  the  enfeebled  nature  of  E. 
coii  K-12  “is  presumably  the  conse- 
quence of  mutation(s)  introduced 
during  its  laboratory  passage.”  but 
that  perhaps  different  strains  of  K-12 
with  different  histories  may  not  all  be 
similarly  enfeebled. 

Further,  it  was  claimed  that  the  fail- 
ure to  convert  K-12  to  a pathogen  by 
the  use  of  certain  plasmids  or  Salmc- 
netta  genes  is  not  definitive;  to  be  de- 
finitive, we  must  have  the  detailed 
nature  of  the  mutaiions  in  K-12 
"which  prevent  the  expression  of 
pathogenicity.”  Also,  it  was  noted  that 
there  is  no  way  to  assess  the  absolute 
risk  associated  with  these  experi- 
ments, and  that  it  is  important  to 
assess  the  potential  harm  net  only  to 
man  but  to  plants,  animals,  and  the 
enviroment. 

Another  commentator  urged  that 
this  section  be  supplemented  with  the 
evidence  from  the  Falmouth  Confer- 
ence to  show  that  the  potential  risk  is 
minimal.  A commentator  cited  the  po- 
tential risk  on  the  basis  that  “virtually 
any  highly  conserved  physiologically 
active  eukaryotic  protein  * * * or  frag- 
ment thereof  could  be  highly  toxic 
when  introduced  out  of  context  by  a 
bacterium  which  received  the  appro- 
priate gene  in  a recombination  experi- 
ment.” This  criticism  of  the  E.  coli  K- 
12  system  does  not  detract  from  the 
scientific  knowledge  over  the  past  two 
years  of  the  great  safety  of  this 


system.  This  evidence  is  presented  in 
detail  in  the  Environmental  Impact 
Assessment.  I agree  that  different 
strains  cf  K-12  with  different  histories 
may  not  all  be  similarly  enfeebled  and 
that  failure  to  convert  K-12  to  a path- 
ogen to  date  does  not  prove  it  can 
never  happen.  However,  the  safety  of 
E.  coli  K-12  has  been  clearly  shown, 
and  there  is  no  need  to  limit  or  specify 
particular  strains  for  EK1.  After  30 
years  of  work  with  many  different 
strains,  there  is  still  no  known  patho- 
genic E.  coli  K-12  strain.  Thus,  there 
is  presumptive  evidence  that  all  K-12 
strains  are  safe.  They  are  well  suited 
for  laboratory  experiments  because 
they  take  up  DNA  easily,  but  their  cell 
wall  makes  them  unsuited  to  compete 
in  nature  with  wild-type  E.  colt 

On  the  basis  of  the  Falmouth  Con- 
ference (which  is  discussed  further  in 
the  Environmental  Impact  Assess- 
ment), the  conclusion  can  he  drawn 
that  it  is  essentially  impossible  for  E. 
coli  K-12  to  be  transformed  by  recom- 
binant DNA  into  a wild-type,  patho- 
genic E.  celt  An  E.  coli  K-12  contain- 
ing toxic  genes  through  recombination 
could  theoretically  present  a risk  to  a 
laboratory  worker  who  accidentally  in- 
gested it;  but  it  would  only  be  to  that 
laboratory  worker.  There  is  evidence 
to  show  that  harmful  genes  will  have  a 
very  low  probability  of  being  tra'is- 
ferred  from  E.  coli  to  another  organ- 
ism. The  plasmids  used  at  the  HV2 
level  are  engineered  so  that  they  nei- 
ther self-transfer  nor  transfer  when 
another  plasmid  induces  conjugation. 
Thus,  the  high  degree  of  safety  of  this 
system  is  clear  and  explains  why  it  is 
preferable  to  any  other  host-vector 
system  at  present. 

General  Classification 

Disagreement  was  expressed  over 
whether  the  PRG-RAC  was  too  strin- 
gent or  too  lax.  Those  arguing  the 
former  position  maintain  that  the 
guidelines  should  be  relaxed  even  fur- 
ther because  all  the  experimental  evi- 
dence gathered  and  analyzed  in  the 
past  2 years  indicates  that  the  initial 
fears  concerning  the  potential  hazards 
were  extremely  exaggerated:  more- 
over, the  benefits  to  be  derived  from 
the  research  are  great.  Aiso,  it  is 
pointed  out  that  recombinant  DNA  ex- 
periments not  allowed  under  the  cur- 
rent NTH  guidelines  are  proceeding 
with  the  approval  of  responsible  na- 
tional committees  in  a number  of  Eu- 
ropean countries.  Those  opposing  this 
view  argue  that  there  is  a lack  of  ex- 
perimental data  for  a sound  evaluation 
of  the  potential  risks,  and  the  fact 
that  a recombinant  DNA  experiment 
is  permitted  in  Europe  is  irrelevant  to 
the  establishment  of  standards  in  the 
United  States. 

Recombinant  DNA  Experiments  In- 
volving Viral  DNA 
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Many  of  the  commentators  agreed 
that  both  the  original  guidelines  and 
the  PRG-RAC  were  overly  stringent 
with  regard  to  virus  experiments.  In 
commenting  on  the  PRG-RAC.  the 
PM  BO  Standing  Committee  on  Re- 
combinant DNA  Research  wrote: 

The  EM 30  Committee  believes  that  the 
containment  categorization  of  experiments 
with  animal  virus  DNA's  which  is  proposed 
by  the  N1H  Advisory  Committee  is  too  indis- 
criminate and  excessively  stringent  consid- 
ering the  proposed  classification  of  experi- 
ments with  other  classes  of  DKA  and  the 
longstanding,  accepted  safety  precautions 
for  handling  Intact  virus  particles  and  viral 
nucleic  acids  ’ ’ V The  EMBO  Committee 
proposes  that  it  would  be  more  reasonable 
either  to  consider  experiments  with  viral 
DNA  on  a case  by-case  basts  or  to  produce  a 
detailed  set  of  recommended  ca’egorles  for 
experiments  with  specific  viral  DNA's.  The 
EMBO  Committee  hopes  in  the  near  future 
to  establish  an  ad  hoc  international  group 
of  virologists  to  draw  up  such  proposals. 

In  response  to  this  suggestion  (l.e., 
for  an  international  group  of  virol- 
ogists to  consider  this  Issue),  a Joint 
U-S.-EMBO  Workshop  To  Assess 
Risks  for  Recombinant  DNA  Experi- 
ments Involving  the  Genomes  of 
Animal.  Plant,  and  Insect  Viruses  was 
held  In  Ascot.  England,  on  January  26- 
28.  1978.  The  workshop  was  attended 
by  27  distinguished  scientists  from  the 
United  States,  the  United  Kingdom. 
West  Germany.  Finland.  France. 
Sweden,  and  Switzerland.  The  report 
of  the  ••Ascot"  Workshop  was  pub- 
lished in  the  Federal  Register  on 
March  31.  1978.  and  appears  as  appen- 
dix E to  the  accompanying  Environ- 
mental Impact  Assessment.  The  work- 
shop concluded: 

The  probability  that  K-12  organisms  car- 
rying viral  DNA  inserts  could  repiesent  a 
significant  hazard  to  the  community  was  so 
small  as  to  be  of  no  practical  consequence 
* • * viral  genomes  or  fragments  thereof, 
cloned  in  E.  coll  K-12  using  approved  plas- 
mid or  phage  vectors.  po>e  no  more  risk 
than  work  with  the  infectious  virus  or  Its 
nucleic  acid  and  In  most.  If  not  all  cases, 
dearly  present  less  risk.  In  fact,  the  work- 
shop participants  agreed  that  cloning  of 
vlraJ  DNA  in  E colt  K 12  may  provide  a 
unique  opportunity  to  study  with  greatly  re- 
duced risks  the  biology  of  extremely  patho- 
genic and  virulent  viruses. 

On  April  6-7.  1978  (as  announced  on 
March  17  in  the  Federal  Recister).  a 
working  group  sponsored  by  the  RAC. 
composed  of  distinguished  American 
microbiologists,  met  to  review  the 
report  of  the  "Ascot"  Workshop.  The 
report  of  this  working  group  appears 
as  appendix  F to  the  accompanying 
Environmental  Impact  Assessment. 
The  working  group  unanimously  en- 
dorsed the  "Ascot”  report  with  certain 
minor  amendments.  Their  report,  in- 
cluded recommended  new  language  to 
be  inserted  in  the  PRG-NIH  in  place 
of  the  sections  dealing  with  viruses  in 
the  PRG-RAC.  This  report  was  pre- 


sented to  the  RAC  at  its  April  27-28. 
1978,  meeting,  and  was  unanimously 
endorsed  by  the  RAC  with  certain 
minor  amendments.  I have  accepted 
these  recommendations  of  the  RAC. 
with  certain  additional  minor  amend- 
ments. and  these  now  constitute  the 
sections  dealing  with  viruses  in  part 
III  of  the  PRG-NIH. 

Recombinant  DNA  Experiments  In- 
volving DNA  from  Plants  and 
Plant  Pathogens 

One  of  the  comments  made  at  the 
December  1977  meeting  of  the  Adviso- 
ry Committee  to  the  Director.  NIH 
was  that  "the  NIH  guidelines  do  not 
adequately  deal  with  the  use  of  recom- 
binant DNA  in  plants  * * * ’ Other 
commentators  have  expressed  similar 
sentiments,  ami  the  suggestion  has 
been  made  that  "a  subcommittee  be 
formed  to  deal  with  plants  and  plant 
pathogens  and  make  specific  recom- 
mendations for  revision  of  the  guide- 
lines.” In  response,  a Workshop  on 
Risk  Assessment  of  Agricultural  Path- 
ogens. composed  of  distinguished 
American  plant  pathologists,  was  held 
on  March  20-21.  1978  (as  announced 
on  March  6 In  the  Federal  Register). 
Sponsored  by  the  U S.  Department  of 
Agriculture,  the  National  Science 
Foundation,  and  the  NIH.  the  report 
of  this  workshop  appears  as  appendix 
G to  the  accompanying  Environmental 
Impact  Assessment.  The  report  was 
presented  to  the  RAC  at  Its  April  27- 
28.  1978.  meeting  and  was  unanimous- 
ly endorsed  by  the  RAC  with  certain 
minor  amendments.  I have  accepted 
these  recommendations  of  the  RAC 
with  certain  additional  minor  amend- 
ments: these  involve  changes  in  the 
PRG-NIH  In  sections  dealing  with  the 
use  of  plants  and  plant  pathogens  in 
recombinant  DNA  research. 

Using  the  10  criteria  previously  dis- 
cussed in  light  of  what  is  known  today. 
I believe  the  revisions  in  containment 
standards  proposed  by  the  PRG-NIH 
are  sound.  The  changes  in  contain- 
ment standards  in  the  PRG-NIH  are 
discussed  below  In  greater  detail  for 
each  of  the  subsections  of  part  III. 

SPECIFIC  CONSIDERATIONS 

Section  III— Opening  Paragraphs 

As  discussed  above  In  part  I of  this 
document,  the  section  of  the  guide- 
lines numbered  III-A  in  both  the  1976 
guidelines  and  the  PRG-RAC  and  en- 
titled Experiments  Thai  Are  Not  To 
Be  Performed"  has  been  moved  in  the 
PRG-NIH  to  become  section  I-D  enti- 
tled Prohibitions."  This  leads  to  a re- 
numbering of  the  remaining  subsec- 
tions of  part  III  ol  the  PRG-NIH  as 
compared  to  the  PRC-RAC. 

Two  new  paragraphs  have  been  in- 
serted at  the  beginning  of  part  III  of 
the  PRG-NIH.  The  first  reminds  the 
reader  to  consult  part  I "where  listings 


are  given  of  prohibited  and  exempt  ex- 
periments." 

The  second  Inserted  paragraph  is  a 
"general  flexibility  clause.”  Insertion 
of  such  a "clause"  was  recommended 
by  the  RAC  at  its  April  27-28.  1978. 
meeting.  It  recognizes  that  the  classifi- 
cation of  experiments  given  in  part  III 
will  necessarily  be  imperfect,  as  inves- 
tigators in  the  future  devise  new  ways 
to  conduct  recombinant  DNA  experi- 
ments not  currently  foreseen  and 
therefore  not  explicitly  considered  in 
the  guidelines.  Also,  new  data  may 
become  available  showing  that  certain 
particular  experiments  currently  as- 
signed a particular  containment  level 
are.  indeed,  clearly  more  (or  less)  safe 
than  envisioned  at  this  time.  There- 
fore. this  "clause"  states  that 
"changes  in  these  levels  for  specific 
experiments  (or  the  assignment  of 
levels  to  experiments  not  explicitly 
considered  here)  may  be  expressly  ap- 
proved by  the  Director.  NIH.  on  the 
recommendation  of  the  Recombinant 
DNA  Advisory  Corfimittee  (RAC)." 

Section  III-A-l-a.  Shotgun  Experi- 
ments info  E.  coli  K-12  with  In- 
serted Eukaryotic  DNA 

At  a number  of  places  in  this  subsec- 
tion the  principal  investigator  is  al- 
lowed to  choose  between  two  combina- 
tions of  containment  procedures.  For 
example,  in  several  Instances  one  Is 
permitted  to  use  P2  + EK1  or  PI  + EK2. 
This  was  endorsed  by  some  commenta- 
tors but  questioned  by  others.  This 
concept  of  flexibility  was  addressed  in 
part  II  of  this  document  I also  wish  to 
point  out  that  the  concept  is  not  a new- 
one— it  was  allowed  under  the  original 
guidelines.  Based  upon  events  of  the 
past  2 years,  the  RAC  merely  proposed 
that  this  principle  be  extended  to  cer- 
tain specified  additional  cases  where 
they  believe  it  appropriate.  I agree 
with  their  proposals  and  have  there- 
fore Included  in  the  PRG-NIH  ali 
such  specific  cases  of  flexibility  recom- 
mended in  the  PRG-RAC. 

On  the  other  hand,  in  certain  other 
specific  cases  (e.g.,  DNA  from  birds) 
the  PRG-RAC  recommended  the  con- 
tainment level  te  P2-*-EK2,  without 
the  option  of  P3  + EK1.  Certain  com- 
mentators urged  that  in  all  cases 
where  the  containment  level  of 
P2~FK2  is  given,  the  option  of 
P3^EK1  be  allowed.  However,  the 
RAC  felt  that  in  view  of  their  in- 
creased confidence  in  the  biological 
containment  offered  by  the  EK2 
system.  P2-EK2  offers  more  contain- 
ment than  P3^EK1,  and  that 
P2  + EK2  without  the  option  of 
P3  + EK1  should  be  the  containment 
level  for  certain  specified  classes  of  ex- 
periments. I accept  the  view  of  the 
RAC  and  have  therefore  specified  in 
the  PRG-NIH  the  containment  levels 
of  P2  + EK2  without  the  option  of 
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P3-EK1  in  every  case  where  it  ap- 
peared in  the  PRG-RAC. 

The  section  of  this  document  on 
Recombinant  DNA  Experiments  In- 
volving Viral  DNA"  discussed  the 
"Ascot"  workshop  report,  and  the 
April  6-7.  1978,  working  group  report 
which  endorsed  the  "Ascot"  report. 
The  RAC  at  its  April  27-28.  1978. 
meeting  unanimously  endorsed  the 
working  group  report  recommending 
lower  containment  levels  for  deliber- 
ate cloning  of  viral  DNA  into  E.  coli 
K-12  (see  below  for  discussion  of  sec- 
tion III-A-2).  One  of  the  reasons  given 
originally  for  the  higher  containment 
level  for  shotgun  experiments  involv- 
ing primate  DNA  into  E.  coli  K-12  was 
the  possible  inadvertent  cloning  of 
viral  DNA.  In  view  of  their  recommen- 
dation of  lower  containment  for  delib- 
erate cloning  of  viral  DNA  into  E.  coli 
K-12.  the  RAC  on  April  27-28.  1978. 
reconsidered  primate  shotgun  levels, 
and  voted  unanimously  for  new  lan- 
guage as  follows:  " Primates . P2  physi- 
cal containment  + an  EK2  host- 
vector.  Any  lowering  of  containment 
below  these  levels  (i.e.,  for  purified 
DNA  or  characterized  clones)  cannot 
be  made  solely  by  an  institutional  bio- 
safety committee  but  requires  NIH  ap- 
proval." I have  accepted  this  new  lan- 
guage and  inserted  it  in  the  PRG- 
NIE.  as  well  as  a similar  lowering  of 
containment  for  shotgun  cloning  of 
cold-blooded  vertebrate  DNA  into  E. 
coli  K-12. 

One  commentator  noted  that  section 
III-B-l-a-awg)  of  the  PRG-RAC  en- 
titled “Cloning  of  Viral  Genomes 
From  Eukaryotic  Ceil  DNA”  * * * “fo- 
cuses on  cloning  integrated  retrovirus 
nucleotide  sequences  from  mammalian 
cell  DNA  but  says  nothing  about  nu- 
cleotide sequences  of  integrated  DNA 
viruses."  This  entire  section  has  been 
eliminated  from  the  PRG-NTH  and  in- 
stead a new  subsection  III-A-2-a-<3) 
entitled  "Intracellular  Viral  DNA"  has 
been  added  to  the  PRG-NIH  which 
covers  both  integrated  retroviruses 
and  DNA  virus  sequences:  it  says. 
"Physical  and  biological  contaminant 
specified  for  shotgun  experiments 
with  eukaryotic  cellular  DNA  (See  sec- 
tion III-A-la)  shall  be  used  for  DNA 
recombinants  produced  with  integrat- 
ed viral  DNA  or  viral  genomes  present 
in  infected  cells.” 

Section  III-A-l-b.  Shotgun  Experi- 
ments Into  E.  Coli  K-12  With  In- 
serted Prokaryotic  DNA 

In  the  1976  guidelines,  the  section 
(III-B-2-(a)-<ii))  dealing  with  shotgun 
experiments  into  E.  coli  K-12  with  in- 
serted prokaryotic  DNA  was  subdi- 
vided into  two  sections,  i.e.,  "Prokar- 
yotes That  Exchange  Genetic  Infor- 
mation With  E.  coli"  and  Prokar- 
yotes That  Do  Not  Exchange  Genetic 
Information  With  E.  colt"  In  the 


PRG-RAC  it  was  assumed  that  all  pro- 
karyotes that  exchange  genetic  infor- 
mation with  E.  coli  would  be  exempt 
from  the  guidelines  by  appearing  on 
the  “list  of  nonnovel  exchangers." 
Therefore,  in  the  PRG-RAC  the  sec- 
tion (III-B-l-a  X2»  dealing  with  shot- 
gun experiments  into  E.  coli  K-12 
with  inserted  prokaryotic  DNA  actual- 
ly considered  only  prokaryotes  that 
did  not  exchange  genetic  information 
with  E.  colt  The  problem  with  this  ap- 
proach was  discussed  by  commenta- 
tors, focusing  especially  on  the  case  of 
Agrobacterium  tume facie  ns.  It  meant 
that  a prokaryote  which  exchanges  ge- 
netic information  with  E.  coli,  and  was 
therefore  properly  assigned  a low  con- 
tainment level  under  the  1976  Guide- 
lines, would  under  the  PRG  RAC 
either  appear  on  the  "list”  and  there- 
fore be  exempt  from  the  guidelines,  or 
if  for  some  reason  it  did  not  appear  on 
the  list,  the  containment  level  would 
actually  in  some  cases  be  raised.  This 
was  not  the  intent  of  the  RAC.  There- 
fore, I proposed  to  the  RAC,  and  they 
accepted  at  their  April  27-28,  1978. 
meeting,  that  language  be  reinserted 
in  the  the  PRG-NIH  covering  prokar- 
yotes that  exchange  genetic  informa- 
tion with  E.  coli  but  which  do  not 
appear  on  the  list.  This  section  in  the 
PRG-NIH  (in-A-l-b-U))  reads: 

Prokaryotes  That  Exchange  Genetic  Infor- 
mation [351  with  E.  coli.  It  is  expected  that 
many  of  the  prokaryotes  that  exchange  ge- 
netic information  with  E.  coli  by  known 
physiological  processes  will  be  exempted 
from  these  guidelines  by  appearing  on  the 
"list  of  exchangers”  (see  sec.  I E-4). 

For  those  not  on  the  list,  the  containment 
levels  are  PI  physical  containment  - an 
EK1  host-vector.  In  fact,  experiments  in 
this  category  can  be  performed  with  E.  coli 
K-12  vectors  exhibiting  a lesser  contain- 
ment (e.g..  conjugative  plasmids)  than  EK1 
vectors.  However,  for  prokaryotes  that  are 
classified  111  as  Class  2 the  containment 
levels  are  P2-EK1. 

For  prokaryotes  that  do  not  ex- 
change genetic  information  with  E. 
coli,  the  PRG-RAC  proposed  that 
P1-EK2  or  P2-EK1  conditions  apply 
only  in  cases  of  extensive  characteriza- 
tion and  RAC  approval.  "Experiments 
with  DNA's  from  bacteria  that  are  not 
extensively  characterized  require  P2 
physical  containment  + an  EK2  host- 
vector  or  P3-EK1.  Experiments  with 
DNA's  from  pathogenic  species  (class  2 
and  plant  pathogens,  see  App.  B)  must 
use  P3-EK2.”  A number  of  commen- 
tators objected  to  two  different  as- 
pects of  this  subsection  of  the  PRG- 
RAC:  (1)  Many  felt  that  experiments 
involving  nonpathogenic  prokaryotes 
should  be  conducted  at  P1-EK2  or 
P2-EK1  without  extensive  character- 
ization or  RAC  approval;  (2)  It  was 
argued  that  plant  pathogens  should 
not  be  included  with  CDC  class  2 
agents  as  requiring  P3  -EK2  contain- 
ment. Both  of  these  comments  were 
referred  to  the  RAC  at  their  April  27- 


28.  1978,  meeting  and  they  agreed  with 
the  commentators.  Therefore,  this 
Section  of  the  PRG  NIH  (III-A-l-b- 
(2):  reads: 

(2'  Prokaryotes  that  Do  Not  Exchange  Ge- 
netic Information  with  E.  coli  P2  physical 
containment  + an  EK1  host-vector,  or 
PI  - EK2.  except  for  DNA  from  class  2 
agents.  Cl)  which  require  P3  + EK2. 

The  EMBO  Standing  Advisory  Com- 
mittee on  Recombinant  DNA  Re- 
search recommends  that  the  contain- 
ment level  for  all  novel  non  pathogen- 
ic prokaryotic  DNA  into  E.  coli  K-12 
be  P1  + EK1.  It  is  my  opinion  that  it  is 
prudent  to  retain  the  levels  of 
P2  + EK1  or  PI  ->-EK2  for  nonpatho- 
genic prokaryotes  that  do  not  ex- 
change gentic  information  with  E. 
coli 

The  PRG  RAC  received  substantial 
criticisms  for  identifying  all  agents 
classified  as  class  2 in  the  CDC’s  publi- 
cation "Classification  of  Etiologic 
Agents  on  the  Basis  of  Hazard” 
(Fourth  edition.  July  1974)  as  being 
pathogenic  for  the  purpose  of  assign- 
ing containment  levels.  Many  com- 
mentators stated  that  many  of  the  or- 
ganisms so  classified  were  harmless 
and  others  were  of  such  low  pathogen- 
icity that  severe  safety  precautions 
were  unwarranted.  It  was  also  pointed 
out  that  the  pathogenicity  of  an  intact 
micro-organism  and  the  conjectural 
hazard  of  a piece  of  DNA  from  such 
an  organism  within  E.  coli  K-12  were 
quite  different  matters.  It  should  be 
noted  that  the  difficulties  in  applica- 
tion of  the  CDC  classification  for  the 
purposes  of  these  guidelines  was  recog- 
nized in  the  original  guidelines.  For 
example,  all  species  of  Salmonella  are 
classified  as  class  2 organisms  by  CDC. 
The  original  guidelines,  however,  dis- 
tinguish between  the  pathogenicity  of 
S.  typhimurium  and  S.  typhi  for  the 
assignment  of  containment  levels.  I 
have  therefore  accepted  the  sugges- 
tion of  these  commentators  and  have 
added  footnote  1 to  the  PRG-NIH. 
This  gives  NIH  the  authority,  upon 
the  recommendation  of  the  RAC,  to 
designate  certain  agents  which  are 
listed  as  class  2 by  CDC  as  class  1 
agents  for  the  purpose  of  these  guide- 
lines. 

Section  III-A-2- a.  DNA  from  viruses  of 
eukaryotes  into  E.  coli  K-12 

Discussed  earlier  within  part  III  of 
this  document  under  the  heading  "Re- 
combinant DNA  Experiments  Involv- 
ing Viral  DNA”  was  the  history  of  the 
"Ascot”  workshop  report  (App.  E to 
the  accompanying  environmental 
impact  assessment)  and  the  report  of 
the  working  group  which  met  on  April 
6-7  1978  (App.  F to  the  accompanying 
environmental  impact  assessment). 
Section  III-A-2  of  the  PRG-NIH 
adopts  the  recommendations  of  the 
working  group  with  minor  modifica- 
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tion.  It  Is  based  on  a reassessment 
made  by  these  experts  In  the  field  of 
virology  of  the  potential  hazards  of  In- 
serting pieces  of  viral  DNA  into  E. 
coit  I believe  the  argument  presented 
in  the  "Ascot"  report  and  the  working 
group  report  are  well  founded,  specifi- 
cally that  “the  probability  that  K-12 
organisms  carrying  viral  DNA  Inserts 
could  represent  a significant  hazard  to 
the  community  was  so  small  as  to  be 
of  no  practical  consequence  • • • viral 
genomes  or  fragments  thereof,  cloned 
In  E.  coil  K-12  using  approved  plasmid 
or  phage  vectors  pose  no  more  risk 
than  work  with  the  infectious  virus  or 
its  nucleic  acid  and  in  most,  if  not  all. 
cases  clearly  present  less  risk."  Accord- 
ingly. section  UI-A-2-a  of  the  PRG- 
N1H  has  been  completely  rewritten. 

Section  IIl-A-2-b.  Eukaryotic  Organ- 
elle DNA  into  E.  colx  K-12 

To  be  consistent  with  the  one  step 
lowering  of  physical  containment  de- 
scribed earlier  for  shotgun  experi- 
ments with  primate  DNA.  the  levels 
for  mitochondrial  DNA  from  primates 
has  been  similarly  lowered  by  one  step 
In  physical  containment  In  the  PRG- 
NIH  as  compared  to  the  PRG-RAC. 

Section  II I- A- 3.  Loicering  of  contain- 
ment for  characterized  or  purified 
DNA  preparations  and  clones 

Concern  was  expressed  by  several 
commentators  regard. ng  the  revisions 
In  the  PRG-RAC  which  would  allow 
the  local  IBC  (with  notification  to  be 
sent  to  NIH)  to  reduce  either  the  bio- 
logical or  physical  containment  level 
by  one  step  if  (1)  the  DNA  is  W- per- 
cent purified  and  shown  to  be  free  of 
harmful  genes  prior  to  its  insertion 
into  a recombinant  molecule,  or  (2)  if 
subsequent  to  Insertion  the  clone  is 
rigorously  characterized  and  shown  to 
be  free  of  harmful  genes.  In  the  origi- 
nal guidelines  lowering  in  case  (2) 
could  only  be  done  with  NIH  prior  ap- 
proval. 

There  was  support  from  several  com- 
mentators for  the  changes  in  th«s  sub- 
section. The  rationale  is  explained  in 
new  language  inserted  into  this  section 
of  the  PRG-RAC.  which  is  retained  in 
the  PRG-NIH;  Le.: 

Mar.)-  of  the  risks  which  might  conceiv- 
ably arise  from  some  types  of  recombinant 
DNA  experiments,  particularly  shotgun  ex- 
periments. would  result  from  the  inadver- 
tent cloning  of  a harmful  sequence.  There- 
fore. In  cases  where  the  risk  or  inadvertent- 
ly cloning  the  wrong  DNA  is  reduced  by 
prior  enrichment  for  the  desire  piece,  or  in 
which  a done,  made  from  a random  assort- 
ment of  DNAs.  has  been  purified  and  the 
absence  of  harmful  sequences  established, 
the  containment  conditions  for  further 
work  may  be  reduced. 

Some  commentators  noted  the  ambi- 
guity and  difficulty  attendant  in  the 
phrase  free  of  harmful  genes."  The 
EMBO  Standing  Advisory  Committee 


on  Recombinant  DNA  Research  re- 
ports that  "several  national  guidelines 
for  recombinant  DNA  research  state 
that  containment  measures  may  be  re- 
laxed once  a cloned  DNA  fragment 
has  been  biochemically  characterized 
and  shown  to  be  free  of  harmful  genes 
(NIH  guidelines)  or  devoid  of  any 
known  pathogenic  characteristic 
(French  guidelines).  The  EMBO  com- 
mittee believes  the  latter  to  be  a more 
feasible  requirement,  but  neither  can 
readily  be  met.  and  the  committee 
finds  it  difficult  to  suggest  what  sorts 
of  experimental  tests  might  be  devised 
to  meet  these  requirements." 

I agree  that  the  terms  character- 
ized' and  free  of  harmful  genes'  are 
unavoidably  vague."  However,  foot- 
note 3 of  the  PRG-NIH  goes  on  to  list 
five  types  of  data  which  should  be  con- 
sidered In  making  this  determination. 

Some  commentators  were  also  con- 
cerned that  this  grant  of  additional 
authority  to  the  local  IBC’s  for  single 
step  lowering  in  containment  levels 
might  introduce  variability  in  the  ap- 
plication of  the  guidelines.  I have  con- 
sidered this  pcsnblity  and  have  decid- 
ed that  the  principle  of  promoting 
local  Involvement  in  the  implementa- 
tion of  the  guidelines  outweighs  the 
difficulties  which  may  be  eoncoun- 
tered  in  this  process.  In  an  attempt  to 
minimize  these  problems.  I have  ( 1 ) at- 
tempted to  make  all  parts  of  the 
guidelines  as  clear,  specific,  and  unam- 
biguous as  possible,  and  (2>  expanded 
the  "Roles  and  Responsibilities" 
secton  to  outline  functions  and  respon- 
sibilities in  greater  detail.  Also,  the 
guidelines  require  that  the  Office  of 
Recombinant  DNA  Activities  at  the 
NIH  be  notified  in  writing  of  such  an 
action.  A mechanism  is  therefore  in 
place  to  ensure  that  such  actions  pro- 
ceed with  an  acceptable  degree  of  uni- 
formity. 

The  question  was  raised  whether  a 
clone,  the  containment  level  of  which 
was  lowered  by  the  IBC  at  Institution 

X.  may  after  shipment  to  Institution 
Y still  be  used  at  the  lower  level  with- 
out review  by  the  IBC  at  Institution 

Y.  It  clearly  has  been,  and  remains, 
the  intention  of  both  the  RAC  and 
myself  that  the  IBC  at  the  receiving 
institution  must  approve  the  reducton 
in  containment  for  the  hanging  of  the 
clone  in  such  a situation.  The  investi- 
gator at  the  receiving  institution  must 
handle  the  clone  at  the  higher  level 
until  such  permission  is  granted. 

One  commentator  urged  that  prior 
cloning  be  accepted  as  a technique  for 
the  purification  of  DNA  molecules 
prior  to  their  reinsertion  in  a new  re- 
combinant DNA  molecule.  The  PRG- 
RAC  specified  that  purification  must 
be  achieved  "by  physical  or  chemical 
techniques."  The  criterion  for  the 
single  step  reduction  in  containment 
levels  in  this  situation  is  that  the  DNA 


preparation  be  S9  percent  pure;  I see 
no  reason  to  so  restrict  the  means  by 
which  such  purification  is  attained.  I 
have  accepted  this  suggestion  as  a 
means  of  better  serving  the  needs  of 
the  investigator  without  reducing  the 
margin  of  safety  to  the  public  and  the 
environment,  and  therefore  have 
stricken  from  the  PRG-NIH  the  words 
"by  physical  and  chemical  techniques ” 
following  the  worked  "purified." 

One  commentator  noted  that  the 
PRG-NIH  might  be  nterpreted  as  al- 
lowing a single  step  reduction  in  con- 
tain: ent  levels  for  purification  of  the 
DNA  prior  to  Us  insertion  into  a re- 
combinant DNA  molecule,  and  then  a 
subsequent  further  single  step  reduc- 
tion in  containment  level  once  the 
same  molecule  was  cloned.  This  was 
not  intended.  Therefore,  clarifying 
language  has  been  added  in  the  PRG- 
NIH  stating  that  an  IBC  may  give  ap- 
proval for  a single  step  reduction  in 
physical  or  biological  containment  on 
receipt  of  evidence  of  characterization 
of  a clone  derived  from  a shotgun  ex- 
periment and  its  * * 

Finally,  as  noted  above  in  this  docu- 
ment under  "8ectlon  HI-Al-a — Shot- 
gun Experiments  into  E.  coil  K-12 
With  Inserted  Eukaryotic  DNA."  the 
RAC  recommended  at  its  April  27-28. 
1978.  meeting  (and  I have  accepted  the 
recommendation  and  inserted  it  in  the 
PRG-NIH).  that  the  containment 
levels  for  shotgun  of  primate  DNA 
into  E.  coil  K-12  be  lowered  to 
P2~EK2.  However,  on  the  recommen- 
dation of  the  RAC.  a stipulation  added 
in  section  III-A-l-a  of  the  PRG-NIH 
is  that  for  primate  shotgun  "any  low- 
ering of  containment  below  these 
levels  (Le..  for  purified  DNA  or  charac- 
terized clones)  cannot  be  made  solely 
by  an  institutional  biosafety  commit- 
tee but  requires  NIH  approval."  Lan- 
guage stating  this  limitation  in  au- 
thority of  the  IBC  with  regard  to  pri- 
mate DNA  has  been  inserted  into  sub- 
section III-A-3  of  the  PRG-NIH.  as 
has  language  indicating  that  any  low- 
ering of  containment  under  this  sec- 
tion to  levels  below  PI  - EX1  requires 
prior  NIH  approval. 

Section  Ill-E.  Experiments  with  Other 
Prokaryotic  Host-Vectors 

Some  commentators  felt  that  the 
PRG-RAC  unnecessarily  emphasized 
the  use  of  E.  coil  K-12  and  would  not 
allow  important  recombinant  DNA  ex- 
periments to  be  done  in  other  prokar- 
yotic hosts.  Section  III-B  describes  the 
use  of  prokaryotic  host-vector  systems 
other  than  E.  coli  K-12  which  have 
been  approved  as  HYI  hosts.  It  should 
be  remembered  that  “self-cloning  ex- 
periments with  prokaryotic  hosts  are 
exempt  from  the  guidelines  under  ex- 
emptions I-E-2  and  I-E-3  and  that 
other  experiments  involving  DNA  seg- 
ments from  species  that  exchange 
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DNA  by  known  physiological  processes 
are  exempt  from  the  Guidelines  under 
exemption  I-E-4. 

The  RAC  at  its  April  27-28.  1978, 
meeting  pointed  out  that  there  are 
certain  scientifically  important  experi- 
ments which  are  very  safe  but  which 
neither  fit  the  criteria  to  be  exempt 
from  the  guidelines,  nor  the  criteria 
for  HVI  certification.  A new  section 
III-B-2  has  been  added  to  the  PRG- 
NIH  to  cover  these  cases  and  assign 
appropriate  containment  levels.  In 
these  experiments  DNA  from  a pro- 
karyotic host  (Host  X)  is  cloned  into 
E.  coli  K-12  (this  situation  is  already 
covered  in  sec.  III-A-l-b(2)  of  the 
guidelines);  in  the  second  part  of  the 
experiment  the  recombinant  DNA 
(consisting  of  DNA  sequences  from 
Host  X linked  to  an  E.  coli  plasmid  or 
bacteriophage)  is  returned  to  Host  X 
and  propagated  there. 

Section  III-C.  Experiments  with  eu- 
karyotic host-vectors 

a number  of  commentators  felt  that 
the  stringent  containment  conditions 
required  both  in  the  original  guide- 
lines and  in  the  PRG-KAC  for  intro- 
duction of  recombinant  DNA  into 
tissue  culture  cells,  using  viruses  as 
vectors.  were  unwarranted.  The 
EMBO  Standing  Advisory  Committee 
on  Recombinant  DNA.  Research  wrote; 

Ip.  exp:  ments  involving  the  introduction 
of  foreign  DNA  into  cultured  cells  of  ani- 
mals using  DNA  viruses  as  vectors,  biologi- 
cal containment  is  assured  by  the  very  re- 
stricted permissive  conditions  for  the  host 
ceils:  the  only  routes  by  which  the  recom- 
binant molecule  might  escape  are  by  chance 
infection  of  a contaminating  microorganism 
or  within  a viral  capsid  and  the  size  of  the 
recombinant  molecule  may  well  preclude  its 
encapsidation  • * *.  For  example,  cloning  of 
mouse  DNA  using  polyoma  virus  as  a vector 
and  mouse  cells  as  host  should  not  require 
precautions  more  stringent  than  those  rou- 
tine used  for  many  years  in  laboratories 
s!u.  ; ng  polyoma  virus  infection  of  mouse 
cells  ard  mice.  The  EMBO  Committee  finds 
the  proposals  for  this  class  of  experiments 
in  i e revised  NIH  Guidelines  not  suffi- 
ciently discriminating  because  they  would 
impose  unnecessarily  high  levels  of  physical 
containment  for  experiments  with  many  eu- 
karyotic DNA’s. 

Discussed  earlier  within  Part  III  of 
this  document  under  the  heading  ‘'Re- 
combinant DNA  Experiments  Involv- 
ing Viral  DNA"  was  the  history  of  the 
"Ascot"  workshop  report  (See  App.  E 
to  the  accompanying  environmental 
impact  assessment,  and  the  report  of 
the  working  group  which  met  on  April 
6-7.  1978  (App.  F to  the  accompanying 
environmental  impact  assessment).  I 
have  accepted  the  recommendations  of 
the  work  group  and  incorporated  their 
suggested  revision  of  this  section 
which  now  becomes  section  III-C  of 
the  PRG-NIH.  The  result  of  this 
change  is  that  section  III-B-3  of  the 
PRG-RAC  "Experiments  with  Eukar- 


yotic Host-Vectors."  subparts  (a)  "Ver- 
tebrate Host-Vector  Systems."  and  (b) 
“Invertebrate  Host-Vector  Systems," 
are  eliminated;  substituted  for  it  in 
the  PRG-NIH  is  new  language  derived 
from  the  working  group  report  which 
become  section  III-C  "Experiments 
With  Eukaryotic  Host-Vectors,”  sub- 
parts (1)  Vertebrate  Host-Vector 
System";  (2)  "Invertebrate  Host- 
Vector  Systems  in  which  Insect  Vir- 
uses Are  Used  To  Propagate  Other 
DNA  Segments",  and  (3)  Plant  Viral 
Host-Vector  Systems." 

Section  III-C-4.  Plant  Host-Vector  Sys- 
tems Other  Than  Viruses 

Discussed  earlier  within  Part  III  of 
this  document  under  the  heading  "Re- 
combinant DNA  Experiments  Involv- 
ing DNA  Prom  Plants  and  Plant  Path- 
ogens" was  the  Workshop  on  Risk  As- 
sessment of  Agricultural  Pathogens, 
held  on  March  20-21,  1978.  sponsored 
by  USDA,  NSF,  and  NIH.  Based  on 
the  Workshop  report  (See  Appendix  G 
to  the  accompaying  Environmental 
Impact  Assessment),  section  III-D  of 
the  PRG-NIH  has  been  rewritten. 

Section  III-C-5.  Fungal  or  Similar 
Lower  Eukaryotic  Host-Vector  Sys- 
tems 

Both  the  1976  Guidelines  and  the 
PRG-RAC  used  the  same  short  para- 
graph for  this  section,  giving  little 
detail,  because  they  noted  "the  devel- 
opment of  these  host-vector  is  present- 
ly in  the  speculative  stage."  Since  that 
time  a specific  host-vector  system  of 
this  class  has  been  developed,  i.e.,  Sac- 
charomyces  cerevisiae  (baker's  yeast), 
and  other  similar  systems  may  also 
soon  be  proposed.  Accordingly,  this 
section  (III-C-5)  of  the  PRG-NIH  has 
been  expanded  to  give  more  specific 
instructions  on  appropriate  contain- 
ment levels. 

Section  III-D.  Complementary  DNAs 

Since  specific  containment  levels  for 
the  use  of  purified  cDNA  of  viral 
mRNA  are  now  given  in  section  III-A- 
2-a  of  the  PRG-NIH.  a sentence  has 
been  added  noting  this  at  the  begin- 
ning of  section  III-D  of  the  PRG-NIH. 
Otherwise,  the  rest  of  this  evoked  no 
comments  and  remains  identical  in  the 
PRG-NIH  to  the  PRG-RAC. 

Section  III-E.  Synthetic  DNA 

Because  synthetic  DNA  is  now  ex- 
plicitly included  in  the  PRG-NIH  (as 
discussed  in  section  I of  this  docu- 
ment), it  was  necessary  to  add  lan- 
guage to  Part  III  of  the  PRG-NIH  de- 
tailing the  appropriate  containment 
levels  for  these  experiments.  The  RAC 
at  its  meeting  on  April  27-28,  1978.  ap- 
proved such  language,  and  it  has  been 
inserted  in  the  PRG-NIH  as  section 
III— E. 


IV.  Roles  and  Responibilities 

REVIEW  OF  RAC  PROPOSED  GUIDELINES 

This  section,  as  in  the  1976  Guide- 
lines, provides  an  administrative 
framework  for  implementation.  Modi- 
fications to  the  various  roles  and  re- 
sponsibilities proposed  by  the  RAC  are 
listed  below. 

Institutional  Responsibilities 

Institution.  Several  changes  were 
proposed  in  the  PRG-RAC  as  com- 
pared to  the  1976  Guidelines  in  the  re- 
sponsibilities of  the  institution.  Re- 
sponsibilities that  were  added  or  fur- 
ther detailed  included:  (1)  a require- 
ment for  insuring  the  training  of  re- 
search personnel  and  the  use  of  good 
microbiological  technique,  and  (2)  a 
requirement  to  determine  the  need  for 
medical  procedures,  with  recommenda- 
tions of  possible  specific  practices. 

Institutional  Biosafety  Committees. 
Membership  of  the  committees  was 
clarified  by  a recommendation  to  in- 
clude other  than  scientific  members. 
In  thePRG-RAC  (section  III),  institu- 
tional biosafety  committees  (IBCs)  are 
given  the  discretion  to  approve  single- 
step  reductions  in  containment  levels 
for  experiments  with  characterized 
clones  and  purified  DNA.  The  I3C's 
would  be  required  to  notify  the  NIH 
Office  of  Recombinant  DNA  Activities 
(ORDA)  of  these  approvals. 

Biological  Safety  Officer.  Institu- 
tions at  which  P3  and  P4  level  recom- 
binant DNA  work  is  conducted  would 
be  required  to  have  a biological  safety 
officer,  whose  specific  roles  and  re- 
sponsibilities are  outlined. 

Principal  Investigator.  The  role  and 
responsibilities  of  the  principal  investi- 
gator would  remain  basically  the  same 
except  for  the  important  addition  of  a 
requirement  for  training  in  microbio- 
logical techniques.  Responsibility  for 
the  determination  of  the  practices  nec- 
essary for  medical  surveillance  would 
be  relocated  to  the  institution. 

NIH  Responsibilities 

Office  of  the  Director.  The  responsi- 
bilities of  the  Director  would  remain 
unchanged.  A sentence  was  added 
which  clarified  the  Director's  authori- 
ty to  implement  the  Guidelines  and  to 
be  the  final  arbiter  in  the  interpreta- 
tion of  the  Guidelines. 

Recombinant  Advisory  Committee. 
There  were  no  changes  in  the  current 
responsibilities  of  the  RAC;  however, 
there  were  clarifications  of  the  scope 
of  some  duties,  for  example,  the  certi- 
fication process.  The  language  of  the 
1976  Guidelines  caused  confusion 
among  some  concerning  the  certifica- 
tion of  EK2  (HV2)  and  EK3  (HV3) 
host-vector  systems.  In  practice,  the 
certification  process  involved  a two- 
step  procedure:  (1)  the  RAC's  recom- 
mendation to  the  Director,  NIH,  that 
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i particular  host-vestor  system  be  cer- 
tified: and  (2)  certification  of  the 
system  by  the  Director.  NIH.  The 
PRG-RAC  clarifies  the  fact  that  a 
two-step  procedure  is  followed.  The  ra- 
tionale for  the  two-step  procedure  is 
that  it  allows  the  Director.  NIH.  to  so- 
licit the  opinions  of  additional  experts 
prior  to  making  a final  decision  on  cer- 
tification. 

The  RAC's  authority  to  recommend 
exceptions  from  the  proibltions  was 
also  clarified.  The  1976  version  of  the 
Guidelines  envisioned  the  possibility 
of  the  RAC's  recommending  an  excep- 
tion to  the  10-liter  limit  on  culture 
volume  for  recombinant  DNA's  known 
to  make  harmful  products.  The  pro- 
posed revision  would  extend  the  possi- 
bility of  an  exception  to  the  five  other 
classes  of  currently  prohibited  experi- 
ments. The  general  rationale  for  this 
addition  is  the  RAC's  inability  to  fore- 
see all  possible  future  circumstances 
and  the  RAC's  desire  to  specify, 
within  the  limits  of  strict  safeguards, 
the  possibility  of  an  exception  for 
'compelling  social  or  scientific  reasons. 
A more  Immediate  and  specific  justifi- 
cation for  the  paragraph  on  excep- 
tions from  the  prohibitions  is  that  the 
risk-assessment  studies  necessary  for  a 
clearer  understanding  of  the  potential 
biohazards  of  recombinant  DNA  re- 
search may  not  be  able  to  be  carried 
out  without  technical  violations  of  the 
current  Guidelines,  unless  there  is  a 
mechanism  for  approving  exceptions. 

REVIEW  or  COMMENTS  AND  Hill  PROPOSED 
cm  SEINES 

As  in  the  public  hearing  on  the  origi- 
nally proposed  Guidelines  in  1976. 
many  public  commentators  urged 
openness,  candor,  and  public  participa- 
tion in  the  revision  process,  emphasiz- 
ing shared  responsibility  and  account- 
ability from  the  local  to  the  national 
level.  We  have  heeded  these  sugges- 
tions. In  addition  to  holding  all  RAC 
meetings  in  the  open  and  holding  a 
public  hearing  on  the  PRG-RAC  in 
December  1977.  we  have  published 
both  the  PRG-RAC  and  now  the 
PRG-NIH  in  the  Federal  Register  for 
public  comment. 

It  remains  clear,  as  stated  in  my 
1976  decision,  that  much  of  the  suc- 
cess of  the  guidelines  will  depend  on 
the  wisdom  with  which  they  are  im- 
plemented. The  recommendations  of 
the  PRG-RAC  have  been  carefully 
weighed  along  with  other  public  and 
scientific  comments  received  on  the 
"roles  and  responsibilities"  section.  In 
general.  I have  adopted  the  RAC  pro- 
posals with  certain  additional  modifi- 
cations based  on  issues  raised  by  the 
Directors  Advisory  Committee  and 
other  commentators.  The  issues  I have 
considered,  and  a discussion  of  them 
follows: 


Responsibilities  of  the  institution 
( general ) 

Again,  as  in  1976.  this  section  of  the 
guidelines  drew  considerable  comment 
directed  to  the  roles  and  responsibil- 
ities of  the  institution  and  its  several 
constituents.  Generally,  commentators 
requested  more  information  and  great- 
er clarification  of  the  structure  and 
operation  of  the  IBC.  the  function  of 
the  biological  safety  officer,  and  the 
duties  of  the  institution.  Because  of 
the  importance  of  this  section  with 
regard  to  successful  implementation  of 
the  guidelines,  and  therefore  safe  con- 
duct of  this  research,  these  sugges- 
tions and  comments  have  been  careful- 
ly considered.  NIH  acknowledges  its 
special  responsibility  in  assuming  lead- 
ership in  developing  and  promoting 
safety  programs  relevant  to  recombin- 
ant DNA  research.  Therefore,  as  in 
1976.  another  committee  chaired  by 
Dr.  W.  Emmett  Barkley,  Director. 
Office  of  Research  Safety.  NCI.  was 
convened  to  address  concerns  raised. 
As  a result,  and  in  response  to  a 
number  of  commentators'  requests, 
appendix  D of  the  original  guidelines 
has  been  restored  and  enhanced  to 
give  additional  advice  on  safety  mat- 
ters (see  Laboratory  Safety  Mono- 
graph—A Supplement  to  the  NIH 
Guidelines  for  Recombinant  DNA  Re- 
search"). The  revised  guidelines  also 
retain  requirements  for  emergency 
plans  to  cover  accidents  as  well  as 
strengthening  the  requirement  for 
training  of  all  recombinant  DNA  re- 
searchers in  safe  laboratory  proce- 
dures. 

The  intent  of  this  section,  as  before, 
is  to  integrate  safety  practice  into  the 
conduct  of  recombinant  DNA  research 
and  to  assign  responsibilities  for  this 
to  the  principal  investigator  institu- 
tion. IBC.  and  biological  safety  officer. 
Therefore,  it  is  important  that  these 
responsibilities  be  stated  in  an  unam- 
biguous manner.  For  this  reason,  and 
in  response  to  many  commentators. 
Part  IV  has  been  restructured,  to  dis- 
tinguish in  greater  detail  and  more 
clearly  align  some  of  these  functions. 
The  appendices  contain  additional 
complementary  information  on  roles 
and  responsibilities,  including  infor- 
mation for  IBCs  and  biological  safety 
officers. 

In  response  to  several  comments,  the 
scope  of  review  of  research  has  been 
broadened  to  cover  all  recombinant 
DNA  research  at  an  institution  receiv- 
ing funds  from  NIH  for  recombinant 
DNA  research,  whether  or  not  the  spe- 
cific recombinant  DNA  project  is  being 
funded  by  NIH.  While  this  increases 
the  responsibility  of  the  institution 
and  the  IBCs,  it  is  believed  that  this 
revision  will  enhance  the  overall 
safety  of  the  conduct  of  this  research. 
Furthermore,  at  the  suggestion  of  one 
commentator.  I nave  decided  to 


change  the  name  of  the  biohazards 
committees  to  biosafety  committees  to 
reflect  the  spirit  of  the  guidelines 
more  closely. 

Several  generic  comments  deserve  to 
be  highlighted  as  they  represent  sig- 
nificantly increased  authority  to  be 
delegated  to  the  institution.  In  1976, 
the  RAC  did  not  accept  commentators’ 
suggestions  for  requiring  local  commit- 
tees to  make  an  Independent  evalua- 
tion of  the  containment  levels  re- 
quired by  the  guidelines  for  individual 
research  projects.  I therefore  stated  in 
the  1976  decision  that  NIH  would  not 
require  local  institutions  to  have  their 
committees  perform  this  function,  al- 
though they  would  not  be  prohibited 
from  doing  so.  Commentators  have 
now  noted  that  in  order  for  an  IBC  to 
accomplish  its  mandated  responsibil- 
ities under  the  1976  guidelines,  includ- 
ing reviewing  and  approving  recombin- 
ant DNA  research  projects,  it  has  been 
necessary  for  the  committee  Implicitly 
to  determine  containment  conditions. 
Therefore,  in  order  to  better  clarify  its 
role,  the  assessment  of  appropriate 
containment  levels  is  now  made  an  ex- 
plicit responsibility  of  the  IBC. 

In  addition,  institutions  through 
their  IBCs  will  be  given  increased  re- 
sponsibility for  primary  oversight  of 
this  research  as  they  have  now  been 
delegated  the  authority  from  NIH  to 
approve  or  disapprove  proposed  re- 
combinant DNA  projects.  NIH 
through  ORDA  will  conduct  a review 
of  institutional  actions,  upon  registra- 
tion of  the  projects,  to  ensure  compli- 
ance with  the  NIH  guidelines,  thereby 
maintaining  a national  standard  for 
the  research.  This  action  has  been  in 
response  to  several  comments  calling 
for  increased  local  responsibility  and  a 
more  simplified  administrative  process 
with  regard  to  gaining  approval  for 
this  research  to  proceed.  In  view  of 
the  impossibility  of  Federal  surveil- 
lance to  enforce  these  standards  exter- 
nally. I feel  it  is  essential  to  increase 
the  authority  and  responsibility  of  the 
local  institution.  It  was  also  requested 
that  IBCs  have  a role  if  legislation  in 
this  area  is  adopted,  and  this  concept 
is  endorsed  in  the  bill  report  of  March 
24.  1978.  on  the  Recombinant  DNA 
Act,  by  the  House  Committee  on  In- 
terstate and  Foreign  Commerce,  which 
says,  “It  is  the  view  of  the  committee 
that  the  appropriate  portions  of  the 
administrative  requirements  of  section 
IV  of  the  NIH  guidelines  are  a reason- 
able model  upon  which  the  Secretary 
could  base  administrative  regulations. 
In  particular,  the  current  practice  in 
the  NIH  guidelines  of  delegating  to 
local  biohazards  committees  most  of 
the  responsibility  for  the  inspection  of 
facilities  and  the  approval  of  the  spe- 
cific safety  requirements  appropriate 
to  each  project  or  activity  is  an  effec- 
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tive  and  relatively  inexpensive  admin- 
istrative mechanism.” 

As  in  the  1976  decision,  a number  of 
recommendations  were  received  re- 
garding the  membership  of  IBC’s.  In 
1976,  suggestions  were  made  for  broad- 
ening IBC  representation  to  include 
members  not  only  from  various  disci- 
plines related  to  recombinant  DNA 
molecule  technology,  biological  safety, 
and  engineering  but  also  to  include 
those  knowledgeable  in  applicable 
laws,  regulations,  standards  of  prac- 
tice, community  attitudes,  and  health 
and  environmental  considerations. 
Consequently,  at  that  time  I recom- 
mended in  my  decision  that  these  di- 
verse points  of  view  be  included  or 
made  available  to  the  committees.  The 
language  in  the  PRG-RAC  requires  a 
diversity  of  membership,  but  does  not 
mandate  noninstitutional  members.  In 
response  to  several  requests,  and  in 
view  of  increased  responsibility  at  the 
local  level,  I am  now  going  beyond  the 
RAC  proposal  and  adding  a provision 
that  “no  IBC  may  consist  entirely  of 
•persons  who  are  officers,  employees, 
or  agents  of,  or  are  otherwise  associat- 
ed with  the  institution,  apart  from 
their  membership  on  the  IBC.”  Other 
specific  categories  for  membership  are 
not  mandated  although  the  PRG-NIH 
now  states  that  “membership  should 
include  individuals  from  disciplines 
relevant  to  recombinant  DNA  technol- 
ogy, biological  safety,  and  engineer- 
ing”; that  it  is  recommended  that  “at 
least  one  member  be  a nondoctoral  in- 
dividual from  a laboratory  technical 
staff”;  and  that  the  IBC  “include 
members  knowledgeable  about  such 
matters  as  applicable  law,  standards  of 
professional  conduct  and  practice, 
community  attitudes,  and  the  environ- 
ment.” 

The  possibility  of  conflict  between 
IBC’s  and  local  community  oversight 
committees  was  raised.  With  noninsti- 
tutional membership  on  IBC’s  I be- 
lieve there  is  no  need  to  have  addition- 
al community  committees. 

A number  of  other  recommendations 
were  received  from  public  commenta- 
tors relating  to  more  specific  issues; 
they  are  considered  below  under  the 
appropriate  headings. 

Responsibilities  of  the  institution  (.spe- 
cific) 

Institution.  A number  of  points  were 
raised  by  commentators  concerning 
health  monitoring  by  institutions. 
NIH  was  requested  to  develop  a model 
for  institutional  medical  surveillance 
for  recombinant  DNA  research  work- 
ers. The  issue  of  medical  monitoring  is 
one  of  considerable  interest  to  the 
NIH.  This  is  a general  problem  not 
unique  to  recombinant  DNA  research. 
As  one  commentator  noted,  instituting 
a routine  health  monitoring  and  re- 
porting program  for  personnel  en- 


gaged in  areas  of  research  besides  re- 
combinant DNA,  such  as  tumor  viruses 
and  pathogenic  organisms,  is  impor- 
tant. However,  the  state-of-the-art  is 
primitive  in  terms  of  what  can  be  done 
to  monitor  workers’  health  generally, 
but  particularly  in  the  area  of  recom- 
binant DNA.  research  where  there  is 
no  known  hazard.  At  my  request,  an 
NIH  committee  reviewed  this  area  and 
has  made  recommendations  as  to  what 
such  a program  may  include.  This  rec- 
ommendation, which  calls  for  monitor- 
ing illnesses,  collecting  serum  samples, 
and  keeping  a register  of  agents  han- 
dled, is  responsive  to  several  sugges- 
tions received  on  this  issue,  and  it  has, 
therefore,  been  adopted  in  the  PRG- 
NIH,  Additionally,  appendix  D will  in- 
clude more  detailed  information  on 
medical  surveillance. 

Grievance  procedures  for  workers 
under  the  guidelines  were  requested 
but  this  is  not  considered  necessary  as 
the  Occupational  Safety  and  Health 
Act  (OSHA)  rules  and  regulations  al- 
ready provide  such  a mechanism.  In 
the  1976  decision  it  was  also  noted 
that  OSHA  standards  and  procedures 
apply  to  most  institutions,  so  it  was 
not  considered  necessary  then,  or  now, 
to  require  in  the  guidelines  that  IBC’s 
insure  OSHA  compliance.  Further,  the 
Federal  Interagency  Committee  on 
Recombinant  DNA  Research,  which  I 
chair,  includes  representatives  from 
the  Occupational  Safety  and  Health 
Administration  (Department  of 
Labor),  assuring  cooperation  at  the 
Federal  level. 

One  commentator  spoke  to  the  need 
for  a biosafety  control  manager  which 
would  be  similar  to  the  head  of  a 
campus  environmental  health  and 
'safety  office.  While  such  a program 
and  manager  may  be  desirable,  it  is 
felt  that  this  is  an  institutional  admin- 
istrative matter  and  should  not  be  ad- 
dressed in  the  guidelines. 

Institutional  Biosafety  Committee 
(IBC).  Several  commentators  request- 
ed more  detail  on  IBC  duties  and  this 
has  been  accomplished  La  the  supple- 
ment to  the  PRG-NIH  entitled,  “Lab- 
oratory Safety  Monograph.”  For  ex- 
ample, information  is  included  here  on 
facility  certification,  periodic  inspec- 
tions and  monitoring,  and  a model  for 
IBC  operation. 

There  was  concern  about  the  estab- 
lishment of  area  biosafety  committees 
and  possible  jurisdictional  disputes  be- 
tween them  and  institutional  biosafety 
committees.  This  has  been  further 
clarified  in  the  definitions  in  Part  I. 

It  was  suggested  that  biosafety  com- 
mittee meetings  be  open  tc  the  public. 
The  guidelines  currently  require  only 
that  the  minutes  be  available  to  the 
public.  In  view  of  possible  discussion 
of  proprietary  and  patentable  infor- 
mation, IBC  meetings  cannot  always 
be  open.  I do  urge,  however,  that  local 


committees,  when  possible,  have  open 
meetings  and  suggest  that  ail  meetings 
be  announced. 

The  question  was  raised  concerning 
possible  conflict  of  Interest  of  local 
committee  members.  This  is  an  impor- 
tant point,  and  I have  added  a provi- 
sion prohibiting  an  individual  engaged 
in,  or  expecting  to  be  engaged  in,  or 
having  a direct  financial  interest  in,  a 
recombinant  DNA  project  from  being 
involved  in  the  review  or  approval  of 
that  project. 

Concern  was  expressed  about  the 
cost  of  IBC  operations,  and  sugges- 
tions were  made  that  the  Government 
underwrite  this  expense.  Because  NIH 
already  pays,  through  indirect  costs, 
the  operations  of  such  committees,  I 
have  decided  that  there  is  no  need  at 
this  time  to  separate  them  out  from 
other  indirect  costs  of  the  institutions. 

Biological  Safety  Officer.  Because  in- 
creased authority  and  responsibility 
have  been  given  the  IBC’s,  it  is  appro- 
priate that  institutions  conducting  P3 
or  P4  level  research  have  someone  des- 
ignated to  handle  biological  safety 
questions  generally. 

I have  accepted  the  suggestion  that 
the  biological  safety  officer  shail  be  a 
member  of  the  IBC  because  his  or  her 
responsibilities  are  so  closely  allied  to 
the  function  of  the  committee. 

Another  commentator  noted  that 
too  much  emphasis  was  placed  in  the 
PRG-RAC  on  the  regulatory  role  of 
the  biosafety  officer  rather  than  on 
his  or  her  role  as  a technical  consul- 
tant; therefore,  language  indicating 
this  latter  role  has  been  inserted  in 
the  PRG-NIH. 

In  response  to  questions  on  the 
qualifications  of  biological  safety  offi- 
cers, I note  that  the  officer  need  not 
be  an  M.D.  Further,  it  is  not  necessary 
that  he  or  she  be  engaged  in  research. 
Since  the  passage  of  the  Occupational 
Safety  and  Health  Act,  most  institu- 
tions have  established  occupational 
safety  and  health  departments  or  pro- 
grams with  institutional  safety  offi- 
cers. There  are  no  standard  certifica- 
tion procedures  for  such  individuals, 
although  their  qualifications,  in  many 
cases,  could  be  commensurate  with 
those  of  a biological  safety  officer. 
The  supplement  to  the  PRG-NIH  en- 
titled, “Laboratory  Safety  Mono- 
graph,” provides  in  greater  detail  the 
kinds  of  qualifications  that  biosafety 
officers  should  have.  NIH  is  develop- 
ing a training  course  for  campus 
safety  officers,  including  biological 
safety  officers,  and  requests  for  infor- 
mation should  be  directed  to  Dr. 
Emmett  Barkley,  Director,  Office  of 
Research  Safety,  National  Cancer  In- 
stitute, Bethesda,  Md.  20014. 

Principal  Investigator.  In  response 
to  several  commentators,  the  steps  the 
investigator  needs  to  take  in  order  to 
have  proposed  research  approved  at 
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the  local  and  national  levels  have  been 
delineated  In  Appendix  C to  the  guide- 
lines which  contains  documentation  of 
NIH  administrative  procedures  for  re- 
combinant DNA  research  projects. 

Considerable  attention  has  been 
given  to  the  Issue  of  training.  Several 
commentators  urged  that  training 
standards  be  set  by  the  NIH.  prefer- 
ably In  the  guidelines.  Other  commen- 
tators wanted  the  guidelines  to  direct 
the  Institution  or  IBC  to  set  standards 
for  training;  however,  some  opposed 
this  view.  Still  others  wanted  Investi- 
gator competency  evaluated  or  certi- 
fied after  training  had  been  undertak- 
en. It  should  be  noted  that  the  PRO- 
RAC  represented  a strengthening  of 
training  requirements,  compared  to 
those  In  the  1976  guidelines.  Commen- 
tators remain  concerned  regarding  the 
quality  and  uniformity  of  such  train- 
ing. The  NIH  Is  responding  to  this  by 
placing  as  a high  priority  the  develop- 
ment of  training  standards  and 
courses.  Currently.  NIH  Is  supporting 
a Working  Panel  of  the  American  So- 
ciety for  Microbiology  (ASM)  which  is 
considering  standards  of  training  In 
microbiological  techniques  for  recom- 
binant DNA  research.  When  a report 
Is  submitted  to  NIH.  It  will  be  shared 
with  Institutions.  IBC's,  and  principal 
Investigators  for  their  use.  At  this 
time,  however,  national  certification 
should  not  be  attempted  until  the 
ASM/NIH  criteria  for  training  have 
been  formulated  and  subsequently 
evaluated.  It  should  be  noted  that, 
aside  from  Nuclear  Regulatory  Com- 
mission standards  for  training  for  ra- 
dioisotope work,  there  are  apparently 
no  other  formal  training  criteria  pres- 
ently required  for  biomedical  research. 
Thus,  the  work  of  the  ASM  Panel  will 
be  establishing  a precedent.  It  Is  for 
these  reasons  that  I feel  NIH  should 
proceed  carefully  and  In  stages,  at  the 
same  time  promoting  safety  training 
for  researchers.  Accordingly.  NIH  will 
develop  courses  based  on  these  stand- 
ards of  training  and  make  them  widely 
available. 

Responsibilities  of  the  NIH  ( General) 

Due  Process  Considerations.  A focus 
of  public  comment  at  the  December 
hearing  was  on  "procedural  due  proc- 
ess." to  Insure  public  participation  In 
the  development  of  NIH  recombinant 
DNA  policies.  Much  of  the  public  testi- 
mony and  comment  In  letters  thereaf- 
ter focused  on  public  representation 
on  committees.  Also  stressed  was  the 
need  for  public  notice  of  all  meetings, 
and  for  procedures  to  Insure  public 
participation  In  the  exercise  of  respon- 
sibilities by  the  RAC.  the  Office  of  the 
Director.  NIH,  and  the  Advisory  Com- 
mittee to  the  Director.  NHL 

Several  commentators  specifically 
urged  that  the  guidelines  spell  out  the 


procedures  to  be  used  for  the  follow- 
ing: 

• To  develop  and  amend  the  list  of 
"non-novel  experiments"; 

•To  permit  the  Director,  on  the 
advice  of  the  RAC,  to  grant  exceptions 
from  prohibited  experiments,  such  as 
for  risk- assessment  experiments; 

•To  certify  host-vector  systems; 

•To  modify  guidelines  In  the  future. 

There  were  also  suggestions  that 
guidance  be  given  on  how  to  deal  with 
Infractions  of  the  guidelines.  Specifi- 
cally, one  commentator  suggested  that 
procedures  outline  In  detail: 

•How  charges  of  non-compliance 
could  be  brought; 

•How  charges  of  non-compliance 
would  be  evaluated; 

•What  opportunities  would  be  pro- 
vided for  the  principal  Investigator 
and  his  Institution  to  defend  them- 
selves against  charges;  and 

•What  appeals  procedures  would  be 
available  before  the  termination  of 
funding  or  the  Invoking  of  other  pen- 
alties. 

Because  of  the  key  role  of  the  RAC 
In  the  development  and  monitoring  on 
NIH  recombinant  DNA  policies,  a 
number  of  comments  were  directed  to 
Its  composition  and  functions.  Many 
commentators  focused  on  the  RAC's 
membership,  urging  that  the  guide- 
lines define  procedures  for  nomination 
and  selection  of  members.  Suggestions 
for  potential  membership  on  the  RAC 
Included  more  representation  for  cer- 
tain scientific  disciplines,  such  as  viro- 
logy and  microbiology;  greater  repre- 
sentation of  Individuals  skilled  In  occu- 
pational and  environmental  health 
and  safety;  and  more  public  represen- 
tation. Including  perhaps  a "dissenter" 
from  current  NIH  policies. 

A number  of  comments  concerned 
Committee  operations.  The  RAC  was 
urged  to  formalize  schedules  so  that 
all  would  know  when  It  would  meet 
over  the  next  2 to  3 years.  Further.  It 
was  urged  that  notices  and  complete 
agendas  be  placed  In  the  Federal  Reg- 
ister for  each  meeting;  that  all  docu- 
ments for  Committee  consideration  be 
made  available  to  the  public;  and  that 
the  NIH  pay  for  public  witnesses  to 
attend  meetings  of  the  RAC. 

In  response  to  these  comments.  Part 
IV  of  the  guidelines  has  been  reorga- 
nized extensively.  The  responsibilities 
from  the  local  to  national  level  have 
been  stated  and  defined  more  clearly. 
Further,  for  NIH  responsibilities,  pro- 
cedures suggested  by  commentators 
have  been  specified  to  afford  opportu- 
nity for  public  comment.  A special  ap- 
pendix to  the  guidelines  Includes  rele- 
vant Implementation  documents  from 
ORDA  that  explain  the  administra- 
tion of  the  NIH  guidelines  at  the  local 
and  national  levels. 

From  the  beginning,  the  NIH  has 
gone  to  great  lengths  to  Insure  proce- 


dural due  process  for  the  public  and 
scientific  communities.  The  RAC  con- 
ducts all  meetings  In  the  open,  and 
files  notice  of  each  meeting  In  the  Fed- 
eral Register.  All  the  documents 
listed  on  the  agenda  of  the  RAC  meet- 
ings have  been  available  to  the  public. 
Additionally,  the  Advisory  Committee 
to  the  Director,  NIH.  has  provided  a 
public  forum  on  the  1976  guidelines 
and  now  on  the  proposed  revisions. 
The  public  hearing  In  February  1970 
on  the  originally  proposed  guidelines 
resulted  In  extensive  revision  of  that 
proposal.  The  PRG-RAC  was  pub- 
lished In  the  Federal  Register  on  Sep- 
tember 27,  1977.  for  public  comment, 
and  the  meeting  of  the  Director’s  Ad- 
visory Committee  held  In  December 
1977  was  announced  In  the  Federal 
Register.  In  addition  to  a general  Invi- 
tation for  public  testimony,  the  NIH 
provided  funds  for  witnesses  from  the 
public,  private,  and  scientific  sectors 
to  attend  and  present  their  views. 

The  proposed  reorganization  of  Part 
IV  has  more  clearly  defined  a struc- 
ture for  responsibilities  at  the  local 
and  national  level,  with  opportunity 
for  public  and  scientific  participation. 
It  makes  more  formal  a process  that 
has  been  occurring  Informally.  Flexi- 
bility. however,  remains  essential  to 
avoid  unnecessary  and  protracted 
delays  In  decisionmaking.  Clearly  a 
full  panoply  of  review.  Including  a 
public  hearing.  Is  not  essential  for 
most  of  the  functions  under  the  guide- 
lines. For  many  functions,  the  need 
for  public  review  can  be  met  through 
publication  In  the  Federal  Register. 
For  certain  responsibilities  comment 
may  be  solicited.  Because  procedures 
by  which  policies  will  be  developed  at 
the  national  and  local  levels  are  of  key 
Importance,  notice  for  major  policy 
Initiatives  is  required.  I believe  the  re- 
organization of  Part  rv  achieves  that 
goal. 

Application  to  the  Private  Sector. 
Several  commentators  spoke  on  the 
application  of  the  NIH  guidelines  to 
the  private  sector.  Specifically,  the 
NIH  was  urged  to  provide,  voluntarily, 
to  the  private  sector,  the  following: 

•Advice  on  interpretation  of  the 
guidelines; 

•Registration  of  projects; 

•Certification  of  host-vector  sys- 
tems; 

•Advice  on  the  operation  of  Institu- 
tional biosafety  committees;  and 

•Protection  for  patent  and  propri- 
etary Information. 

Prior  to  the  release  of  the  guidelines 
In  June  1976,  representatives  of  pri- 
vate Industry  were  Invited  to  NIH  to 
be  briefed  on  the  guidelines.  Since  the 
release  of  the  guidelines,  several  other 
meetings  with  representatives  from 
the  private  sector  have  been  held. 
Commerce  Department  representa- 
tives on  the  Interagency  Committee 
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played  a lead  role  in  working  with  pri- 
vate industry  leading  to  the  agreement 
of  relevant  industries  to  abide  by  the 
safety  standards  of  the  NIH  guide- 
lines. 

Many  of  the  services  provided  by  the 
NIH  to  its  grantees  and  contractors 
had  not  been  extended  to  the  private 
sector.  After  carefully  considering  the 
comments  at  the  public  hearing  and  in 
correspondence  received.  I now  believe 
the  NIH  should  extend  certain  ser- 
vices to  the  private  sector  in  several  of 
the  areas  suggested  by  the  commenta- 
tors. A new  section  has  been  added  to 
Part  IV  that  provides  the  opportunity 
for  private  industry  participation  in  a 
voluntary  fashion.  If  legislation  is  en- 
acted, the  NIH  Guidelines  will  serve  as 
the  basis  for  regulation  that  will  en- 
compass the  private  sector. 

Occupational  and  Environmental 
Safety.  A key  concern  of  all  commenta- 
tors was  the  need  for  programs  in  oc- 
cupational and  environmental  safety, 
that  would  include  health  surveillance 
for  laboratory  personnel  and  the  com- 
munity. As  I stated  in  my  Decision  in 
1976,  the  NIH  has  a special  responsi- 
bility for  national  leadership  in  pro- 
grams for  laboratory  safety.  This  re- 
sponsibility is  a critical  one  and  we 
must  accept  it.  Recombinant  DNA  re- 
search policies  have  stimulated  a 
broad  NIH  commitment  and  interest 
in  laboratory  safety.  The  PRG-NIH 
reflects  that  commitment.  As  previous- 
ly described,  there  are  several  training 
programs  that  the  NIH  has  undertak- 
en and  supported.  Several  NIH  com- 
mittees are  involved  in  development  of 
policies  in  this  area.  The  newly  updat- 
ed and  expanded  supplement  to  the 
PRG-NIH  entitled,  “Laboratory 
Safety  Monograph,”  reflects  the  grow- 
ing experience  in  this  area. 

A collaborative  effort  has  been  initi- 
ated between  NIH  and  the  Center  for 
Disease  Control  (CDC)  to  establish  a 
mechanism  for  providing  advice,  con- 
sultation, and  if  necessary,  assistance 
regarding  major  accidents  in  laborato- 
ries involved  in  recombinant  DNA  re- 
search. It  was  not  considered  neces- 
sary to  have  a standing  “strike  force” 
as  suggested  by  one  commentator; 
however,  in  the  event  of  an  emergen- 
cy, a team  of  experts  from  NIH  and 
CDC  could  be  formed  to  respond,  de- 
pending on  the  nature  of  the  problem. 

Several  commentators  suggested 
that  the  NIH  examine  laboratory 
work  involving  genetic  techniques 
other  than  recombinant  DNA  re- 
search. Indeed,  it  was  recommended 
that  another  advisory  committee  akin 
to  the  RAC  be  established  to  propose 
standards  for  work  involving  biosafety, 
generally.  I appreciate  and  understand 
this  concern.  The  NIH  over  the  past 
year  and  a half  has  created  several  in- 
ternal committees  that  are  critically 
examining  different  areas  where  labo- 
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ratory  work  is  conducted  with  poten- 
tial biohazards.  These  committees  are 
considering  possible  recommendations 
for  safety  standards. 

Another  commentator  also  urged 
the  NIH  to  consider  a forum  for  deal- 
ing with  social  issues  related  to  “genet- 
ic engineering.”  The  NIH  responsibili- 
ty to  date  has  been  in  addressing 
policy  questions  involving  safety  of  re- 
combinant DNA  research  in  single 
cells  in  the  laboratory.  I recognize  the 
importance  of  the  potential  future  ap- 
plication of  this  and  other  genetic  re- 
search to  the  altering  of  the  genetic 
character  of  higher  forms  of  life  in- 
cluding man.  However,  the  application 
of  this  research  to  the  “genetic  engi- 
neering” of  man  is  clearly  far  from  im- 
minent. In  light  of  public  concern,  a 
study  is  warranted  of  the  ethical, 
legal,  and  social  implications  of  these 
techniques.  The  National  Commission 
for  the  Protection  of  Human  Subjects 
of  Biomedical  and  Behavioral  research 
considered,  but  was  unable  to  initiate, 
a study  because  of  its  pressing  work- 
load. Such  a study,  however,  should  be 
a key  priority  for  the  Commission  cur- 
rently being  considered  by  Congress  as 
part  of  the  legislation  to  regulate  re- 
combinant DNA  research. 

It  has  also  been  suggested  that  the 
NIH  work  closely  with  other  relevant 
research  and  regulatory  agencies,  par- 
ticularly the  Environmental  Protec- 
tion Agency  and  the  Occupational 
Safety  and  Health  Administration. 
Indeed,  the  NIH,  from  the  inception  of 
the  Guidelines,  has  worked  to  foster 
cooperation  among  the  Federal  agen- 
cies. Prior  to  the  release  of  the  Guide- 
lines, representatives  from  several 
agencies  met  at  the  NIH  for  a briefing 
on  the  Guidelines.  After  the  release  of 
the  Guidelines,  the  question  of  their 
extension  to  the  rest  of  the  Federal 
Government  and  the  private  sector 
prompted  the  creation  of  an  Inter- 
agency Committee.  This  Federal  Inter- 
agency Committee  on  Recombinant 
DNA  Research  on  which  I have  served 
as  Chairman,  was  created  by  the  Sec- 
retary of  HEW  at  the  request  of  the 
President  in  October  1976.  It  is  com- 
posed of  all  relevant  Federal  research 
and  regulatory  agencies  and  has  pro- 
vided for  coordination  of  Federal  poli- 
cies concerning  recombinant  DNA  re- 
search. In  March  1977,  the  committee 
deve'oped  recommendations  for  legis- 
lation. 

It  was  suggested  by  a commentator 
that  the  NIH  address  the  internation- 
al implications  of  control  of  recombin- 
ant DNA  research.  Indeed,  the  Federal 
Interagency  Committee  issued  in  No- 
vember 1977  a thorough  and  compre- 
hensive review  of  all  guidelines  for 
such  research  internationally  with  rec- 
ommendations for  continued  coopera- 
tion. This  report  is  available  from  the 
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Office  of  Recombinant  DNA  Activi- 
ties, NIH,  Bethesda,  Md.  20014. 

Responsibilities  of  NIH  ( Specific ) 

Office  of  the  Director.  As  suggested 
by  the  commentators,  for  purposes  of 
clarity,  the  responsibilities  of  the  NIH 
Director  have  been  grouped  under  a 
specific  heading  in  the  PRG-NIH  enti- 
tled "Office  of  the  Director,  NIH.” 
These  responsibilities  (many  of  which 
are  mentioned  in  Parts  I,  II,  and  III  of 
the  PRG-NIH,  and  are  repeated  again 
in  Part  IV)  include:  final  interpreta- 
tion of  the  Guidelines;  revision  and 
amendment  of  the  Guidelines;  certifi- 
cation of  new  host-vector  systems;  pro- 
mulgating and  amending  a list  of 
classes  of  recombinant  DNA  molecules 
to  be  exempt  from  the  Guidelines;  per- 
mitting specific  exceptions  to  the  Pro- 
hibitions in  the  Guidelines;  approving 
changes  in  containment  levels  for  spe- 
cific experiments;  designating  certain 
agents  which  are  listed  as  Class  2 
agents,  as  Class  1 agents  for  the  pur- 
poses of  the  Guidelines;  and  oversee- 
ing the  implementation  of  the  Guide- 
lines. For  many  of  the  responsibilities, 
appropriate  notice  and  opportunity 
for  public  comment  will  be  provided. 

Recombinant  Advisory  Committee. 
At  the  hearing  in  1976,  many  commen- 
tators made  suggestions  concerning 
the  structure,  function,  and  scope  of 
responsibility  of  the  RAC.  Comments 
on  possible  structural  mechanisms  for 
decision-making  included  suggestions 
that  there  be  a scientific  and  technical 
committee  and  a general  advisory 
public  policy  committee.  It  was  also 
suggested  that  the  scientific  commit- 
tee include  scientists  who  are  to  ac- 
tively engaged  in  recombinant  DNA 
research,  and  that  the  public  policy 
committee  have  a broad  scientific  and 
public  representation.  In  response  to 
those  suggestions  in  1976,  the  roles  of 
the  RAC  and  the  NIH  Advisory  Com- 
mittee to  the  Director  (DAC)  were 
spelled  out.  The  RAC  responsibility 
has  been  primarily  a scientific  and 
technical  one  with  recommendations 
for  revisions  of  the  Guidelines  re- 
viewed by  the  DAC,  the  public  adviso- 
ry group.  In  the  main,  that  process 
has  worked  well  over  the  past  lVfe 
years  and  its  structure  is  maintained 
in  the  PRG-NIH. 

I am  acutely  aware  of  the  need  for 
broad  scientific  representation  on  the 
RAC,  and  I have  carefully  considered 
these  needs  in  the  selection  of  new 
members.  The  emphasis  has  been  to 
ensure  relevant  scientific  representa- 
tion. It  is  absolutely  essential  that  this 
committee  have  the  technical  exper- 
tise necessary  to  develop,  modify,  and 
interpret  the  Guidelines  based  on  sci- 
entific evidence.  Additonal  representa- 
tives have  been  added  from  scientific 
disciplines,  such  as  botany,  to  ensure  a 
broad  scientific  overview.  As  a bridge 
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between  the  scientific  and  the  public 
policy  implications,  public  members 
now  serve  on  the  RAC  and  additional 
public  members  may  be  added.  Cur- 
rent public  members  are  Dr.  Emmette 
S.  Redford.  Ashbel  Smith  Professor  of 
Govemement  and  Public  Affairs. 
Lyndon  B.  Johnson  School  of  Public 
Affairs.  University  of  Texas  at  Austin; 
and  Dr.  LeRoy  Walters.  Director, 
Center  for  Bioethics.  Kennedy  Insti- 
tute, Georgetown  University.  Both 
have  served  the  public  Interest  well 
and  have  done  a superb  job  as  have  all 
members  of  the  committee.  The  task 
for  all  RAC  members  has  been  enor- 
mous and  their  work  and  spirit  of  co- 
operation have  been  exemplary. 

In  order  to  ensure  fairness,  and  sen- 
sitivity to  the  public  commentators, 
solicitation  of  nominations  for  open- 
ings on  the  RAC  will  be  in  accord  with 
the  recommendations  of  the  NIH 
Grants  Peer  Review  Study  Team  con- 
cerning announcements  of  vacancies 
on  committees.  Thus.  NIH  will  pub- 
lish. periodically,  an  announcement  of 
upcoming  vacanices  on  the  RAC  with 
Instructions  on  how  to  submit  nomina- 
tions. By  this  means  I will  be  able  to 
consider  carefully  a wide  spectrum  of 
nominations  and  assure  appropriate 
representation  suited  to  the  needs  of 
this  committee. 

One  commentator  suggested  that 
representatives  from  Federal  agencies 
serve  on  the  RAC.  Several  agencies,  in- 
cluding the  National  Science  Founda- 
tion. the  Department  of  Energy,  and 
the  Department  of  Agriculture,  have 
liaison  representatives  who  come  regu- 
larly to  the  RAC  meetings  and.  of 
course,  the  Federal  Interagency  Com- 
mittee is  kept  fully  informed  of  the  ac- 
tivities of  this  committee. 

It  was  also  recommended  by  a com- 
mentator that  the  NIH  finance  the 
cost  of  attendance  at  RAC  meetings 
by  interest  members  of  the  public.  For 
the  present  I do  not  believe  such  a 
policy  is  necessary,  especially  in  light 
of  the  responsibilities  of  the  DAC  for 
public  oversight  where  public  wit- 
nesses may  be  Invited  and  their  ex- 
penses paid  (as  they  were  at  the  De- 
cember 1977  hearing).  All  RAC  meet- 
ings are  announced  in  the  Federal 
Register  and  are  open  to  the  public. 

In  sum.  the  operations  of  the  RAC 
have  been  more  c>Aarly  detailed  in  the 
PRG-NIH.  The  procedures  for  the  se- 
lection of  members  and  the  operations 
of  the  committee  have  been,  or  are  in 
the  process  of  being,  formalized  for 
the  benefit  of  the  scientific  communi- 
ty and  the  public. 

NIH  Components.  A new  section  now 
describes  all  other  functions  of  the 
NIH  Including  the  responsibilities  of 
the  Office  of  Recombinant  DNA  Activ- 
ities (ORDA).  Several  commentators 
at  the  public  hearing  in  1976  urged 
that  the  NIH  create  an  office  to  co- 


ordinate recombinant  DNA  activities. 
On  the  basis  of  these  suggestions. 
ORDA  was  created  and  Dr.  William 
Gartland  was  named  Director.  Since 
its  creation.  ORDA  has  done  a splen- 
did job  in  fulfilling  very  difficult  tasks 
in  the  implementation  of  the  NIH 
Guidelines.  Dr.  Garland,  who  also 
serves  as  Executive  Secretary  to  the 
RAC.  has  provided  a focus  for  coordi- 
nation of  activities  within  the  NIH 
and  with  institutional  biosafety  com- 
mittees. 

It  is  important  to  note  that  the  re- 
sponsibility of  the  NIH  peer  review 
groups  (e  g.,  study  sections)  for  an  in- 
dependent assessment  of  the  recom- 
binant DNA  research  protocols  has 
been  eliminated.  This  responsibility 
will  now  solely  be  that  of  ORDA  in 
conjunction  with  the  Institutional  bio- 
safety committee.  In  the  1V4  years  of 
our  experience,  such  review  by  NIH 
peer  review  groups  has  been  found  to 
be  unnecessary  and  an  additional 
burden  on  these  groups. 

Several  commentators  urged  new  re- 
sponsibilities for  ORDA  and  additional 
personnel  to  fulfill  them.  Several 
urged  that  ORDA  be  responsible  lor 
Inspecting  and  certifying  laboratories 
at  the  P3  level.  At  the  present  time  P4 
facilities  are  operating  at  the  Freder- 
ick Cancer  Research  Center  in  Freder- 
ick. Md.  and  at  the  NIH  in  Bethcsda, 
Md;  no  other  P4  facilities  for  recom- 
binant DNA  research  are  in  operation 
nationally.  The  NIH  has  the  responsi- 
bility under  the  Guidelines  to  certify 
P4  facilities  because  of  their  special 
nature.  However,  a P3  facility  does  not 
require  special  expertise  at  a national 
level;  and  there  is  no  need  for  national 
certification  of  P3  facilities.  As  speci- 
fied. the  local  Institution  has  responsi- 
bility for  monitoring  and  certifying  fa- 
cilities from  the  PI  to  the  P3  level  and 
that,  indeed,  should  be  a local  respon- 
sibility. 

Several  commentators  urged  greater 
dissemination  of  information  to  the 
public  and  scientific  community  alike. 
ORDA  has  a key  responsibility  for  the 
dissemination  of  Information  through 
the  "Recombinant  DNA  Technical 
Bulletin.”  The  Bulletin  is  a new  publi- 
cation that  attempts  to  link  investiga- 
tors Involved  in  recombinant  DNA  re- 
search. both  in  the  United  States  and 
abroad,  with  the  advisory  groups  and 
organizations  active  in  this  area.  In 
light  of  comments  received,  the  Bulle- 
tin will  include  more  information  for 
institutional  biosafety  committees,  as 
well  as  for  the  advisory  groups  at  the 
national  and  local  levels.  It  was  sug- 
gested that  ORDA  provide  advice  to 
state  and  local  governments,  and  to 
the  most  practical  extent.  ORDA  will 
be  available  to  state  and  local  govern- 
ments for  technical  advice.  In  large 
part,  ORDA  serves  as  a clearinghouse 
for  Information  related  to  recombin- 


ant DNA  activities  internationally,  na- 
tionally, and  locally. 

Registration  and  Compliance  ( Gener- 
al) 

Over  the  past  2 years  in  the  adminis- 
tration of  the  NIH  Guidelines,  it  has 
been  clear  to  me  that  a new  section 
should  be  added  on  the  general  re- 
quirements for  registration  of  activi- 
ties with  the  NIH,  not  only  for  NIH 
grantees  or  contractors,  but  also,  on  a 
voluntary  basis,  for  the  private  sector. 
Further,  in  light  of  the  review  of  HEW 
policies  on  the  patenting  of  recombin- 
ant DNA  research  inventions,  a section 
on  disclosure  of  information  was  also 
necessary.  And  finally,  as  suggested,  a 
section  on  compliance  with  the  Guide- 
lines was  needed.  Thus,  new  sections  C 
and  D have  been  added  under  "Roles 
and  Responsibilities"  covering  Regis- 
tration (including  disclosure  of  infor- 
mation) and  Compliance.  Many  com- 
ments on  the  Guidelines  over  the  past 
1V4  years  and  at  the  public  hearing  in 
December  1977  urged  that  these  provi- 
sions be  added,  and  in  my  view,  they 
are  necessary  in  the  absence  of  legisla- 
tion. Further.  If  legislation  were  to 
pass,  these  provisions  could  serve  as  a 
model  for  the  regulations  to  be  pro- 
mulgated on  the  basis  of  the  legisla- 
tion. As  in  1976,  I believe  the  Guide- 
lines should  not  become  regulations 
without  new  legislation  specifically 
mandating  this. 

Registration  and  Compliance  ( Spe- 
cific) 

Section  IV-C  has  been  added  provid- 
ing the  elements  for  registration. 
Other  requirements  may  need  to  be 
added;  notice  will  be  given  of  any 
change  in  the  requirements.  All  pro- 
jects subject  to  the  Guidelines  must  be 
registered  with  ORDA.  A mechanism 
for  voluntary  registration  by  the  pri- 
vate sector  has  been  provided  in  re- 
sponse to  suggestions  by  private  sector 
representatives.  A requirement  for 
registration  is  that  the  registrant  must 
agree  to  abide  by  the  standards  of  the 
Guidelines. 

Many  comments  were  directed  to  the 
protection  of  proprietary  information. 
A new  section  outlining  the  elements 
for  protection  of  proprietary  data  has 
been  included  in  response  to  these  sug- 
gestions. 

One  commentator  urged  that  no  pat- 
ents be  granted  for  recombinant  DNA 
research  inventions.  Shortly  after  the 
release  of  the  Guidelines  in  1976,  NIH 
received  a letter  requesting  a review  of 
HEW  policies  relating  to  the  patenting 
of  recombinant  DNA  research  inven- 
tions. The  letter  prompted  NIH  to 
review  current  patent  regulations  gov- 
erning existing  institutional  patent 
agreements  and  to  consider  how  re- 
combinant DNA  research  inventions 
should  be  handled  under  the  terms  of 
those  agreements.  On  the  basis  of  ex- 
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tensive  Department  and  Interagency 
Committee  review,  it  was  agreed  that, 
at  least  for  the  present,  recombinant 
DNA  research  inventions  developed 
under  HEW/NIH  support  should  con- 
tinue to  be  administered  within  cur- 
rent HEW  patent  agreements.  Each 
agreement,  however,  would  require 
that  licenses  could  be  granted  only  if 
the  licensee  provides  assurance  of 
compliance  with  the  physical  and  bio- 
logical containment  standards  set 
forth  in  the  Guidelines.  My  decision 
and  analysis  on  this  were  released  in 
March  1978.  A copy  is  available  from 
the  Office  of  Recombinant  DNA  Activ- 
ities, NIH.  Bethesda,  Md.  20014.  Thus, 
I do  not  believe  that  a restriction  of 
patents  in  this  research  area  is  war- 
ranted. 

A commentator  urged  that  a system 
of  fines  be  spelled  out.  NIH  has  no  au- 
thority to  impose  fines  in  the  absence 
of  new  legislation.  However,  NIH  will 
suspend,  limit,  or  terminate  a grant  or 
contract  for  noncompliance  with  the 
Guidelines.  A commentator  urged  that 
penalty  procedures  be  specified. 
Should  it  be  necessary  to  suspend, 
limit,  or  terminate  a grant,  appropri- 
ate HEW  procedures  will  be  followed. 

In  sum.  Part  IV  of  the  Guidelines  on 
Roles  and  Responsibilities  has  been 
substantially  revised  in  response  to 
the  suggestions  from  many  commenta- 
tors. The  Guidelines  now  provide  even 
more  opportunity  for  advice  from  the 
local  to  the  national  level.  The  spirit 
of  cooperation  and  effective  oversight 
■will  be  enhanced  by  the  revised  Guide- 
lines both  at  the  local  level  between 
the  research  community  and  the 
public  and  at  the  national  level  with 
Federal  agencies,  the  scientific  com- 
munity, and  private  sectors. 

Donald  S.  Fredrickson. 

Director, 

National  Institutes  of  Health. 
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I.  Scope  of  the  Guidelines 

I-A.  Purpose.  The  purpose  of  these 
guidelines  is  to  specify  practices  for 
constructing  and  handling  (i)  recom- 
binant DNA  molecules  and  (ii)  organ- 
isms and  viruses  containing  recombin- 
ant DNA  molecules. 

I-B.  Definition  of  Recombinant  DNA 
Molecules.  In  the  context  of  these 
guidelines,  recombinant  DNA  mole- 
cules are  defined  as  either  (i)  mole- 
cules which  are  constructed  outside 
living  cells  by  joining  natural  or  syn- 
thetic DNA  segments  to  DNA  mole- 
cules that  can  replicate  in  a living  cell, 
or  (ii)  DNA  molecules  that  result  from 
the  replication  of  those  described  in  (i) 
above. 

I-C.  General  Applicability.  The 
guidelines  are  applicable  to  all  recom- 
binant DNA  research  within  the 
United  States  or  its  territories  con- 
ducted at  or  sponsored  by  an  institu- 
tion that  receives  any  support  for  re- 
combinant DNA  research  from  NIH. 
This  includes  research  performed  di- 
rectly by  NIH. 

Any  individual  receiving  support 
must  be  associated  with  or  sponsored 
by  an  institution  which  can  and  does 
assume  responsibilities  described  in 
these  guidelines. 

Once  approved  at  the  local  level,  re- 
search may  proceed  but  shall  be  modi- 
fied in  accordance  with  the  recommen- 
dations of  the  NIH  if  found  not  to 
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comport  with  requirements  o f the  NIH 
guidelines. 

The  guidelines  are  also  applicable  to 
projects  done  abroad  if  they  are  sup- 
ported by  NIH  funds.  If  the  host  coun- 
try has  established  rules  (or  the  con- 
duct of  recombinant  DNA  projects, 
then  a certificate  of  compliance  with 
the  host  country  rules  may  be  submit- 
ted to  NTH  in  lieu  of  compliance  with 
the  fruid.elines.  NIH  reserves  the  right 
to  withhold  funding  if  the  safety  prac- 
tices to  be  employed  are  not  reason- 
ably consistent  with  the  NIH  guide- 
lines. In  any  case,  a memorandum  of 
understanding  and  agreement  (MUA) 
shah  be  sucmitted  to  NIH  for  pur- 
poses of  regist ration. 

I-D  Prohibitions.  The  following  ex- 
periments are  not  to  be  initiated  at 
the  present  time: 

I-D-l.  Formation  of  recombinant 
DNA's  derived  from  the  pathogenic  or- 
ganisms classified)  1)  as  class  3.  4.  or 
5(3)  or  from  cells  Itnown  to  be  Infected 
with  such  agents,  regardless  of  the 
host  vector  system  used. 

I-D-2.  Deliberate  formation  of  re- 
combinant DNA's  containing  genes  for 
the  biosynthesis  of  potent  toxins  (e.g.. 
botulinum  or  diphtheria  toxins; 
venoms  from  Insects,  snakes,  etc.). 

I-D-3.  Deliberate  creation  by  the  use 
of  recombinant  DNA  of  a plant  patho- 
gen with  increased  virulence  and  hast 
range  beyond  that  which  occurs  by 
natural  genetic  exchange. 

I-D-4.  Deliberate  release  Into  the  en- 
vironment of  any  organism  containing 
recombinant  DNA. 

I-D-5.  Deliberate  transfer  of  a drug 
resistance  trait  to  micro-organisms 
that  are  not  known  to  acquire  it  natu- 
rally. if  such  acquisition  could  compro- 
mise the  use  of  a drug  to  control  dis- 
ease agents  In  human  or  veterinary 
medicine  or  agriculture. 

I-D-6.  Large-scale  experiments  (e.g., 
more  than  10  liters  of  culture)  with  or- 
ganisms containing  recombinant 
DNA's.  unless  the  recombinant  DNA's 
are  rigorously  characterized  and  are 
shown  to  be  free  of  harmful  genes. (3) 

We  differentiate  between  small-  and 
large-scale  experiments  with  organ- 
isms containing  recombinant  DNA's 
because  the  probability  of  escape  from 
containment  barriers  normally  In- 
creases with  increasing  scale. 

Experiments  in  these  categories  may 
be  excepted)  4)  from  the  prohibitions 
(and  will  at  that  time  be  assigned  ap- 
propriate levels  of  physical  and  bio- 
logical containment)  provided  that 
these  experiments  are  expressly  ap- 
proved by  the  Director.  NIH.  on  rec- 
ommendation of  the  Recombinant 
DNA  Advisory  Committee  after  appro- 
priate notice  and  opportunity  for 
public  comment.  In  making  such  ex- 
ceptions. weight  will  be  given  both  to 
scientific  and  societal  benefits  and  to 
potential  risks. 


I-E.  Exemptions.  It  must  be  empha- 
sized that  the  following  exemptions!'*) 
are  not  meant  to  apply  to  experiments 
described  in  the  section  I-D  as  being 
prohibited. 

The  following  recombinant  DNA 
molecules  are  exempt  from  these 
guidelines,  and  no  registration  with 
NIH  is  necessary: 

I-E-l.  Those  that  are  not  in  organ- 
isms or  viruses.! 5) 

I-E- 2.  Those  that  consist  entirely  of 
DNA  segments  from  a single  nonehro- 
mosorr.a.1  or  viral  DNA  sources,  though 
one  or  more  of  the  segments  may  be  a 
synthetic  equivalent. 

I-E-3.  Those  that  consist  entirely  of 
DNA  from  a prokaryotic  host,  includ- 
ing i-s  indigenous  plasmids  or  virsuses. 
when  propagated  only  in  that  host  (or 
closely  related  strain  oi  the  same  spe- 
cies); also  those  that  consist  entirely 
of  ENA  from  a eukaryotic  host,  in- 
cluding its  chioropie-sts.  mitochondria, 
or  plasmids  (but  excluding  viruses), 
when  propagated  oniy  in  that  host  (or 
a closely  related  strain  of  the  same 
species). 

I-E-4.  Certain  specified  recombinant 
DNA  molecules  that  consist  entirely  of 
DNA  segments  from  different  species 
that  exchange  DNA  by  known  physio- 
logical processes,  though  one  or  more 
of  the  segments  may  be  a synthetic 
equivalent.  A list  of  such  exchangers 
will  be  prepared  and  periodically  re- 
vised by  the  Director.  NIH.  on  the  rec- 
ommendation of  the  Recombinant 
DNA  Advisory  Committee,  after  ap- 
propriate notice  and  opportunity  for 
public  comment.  Certain  classes  are 
exempt  as  of  publication  of  these  re- 
vised guidelines.  The  list  In  appendix 
A.  An  updated  list  may  be  obtained 
from  the  Office  of  Recombinant  DNA 
Activities.  National  Institutes  of 
Health.  Bethesda,  M J.  20014. 

I-E-5.  Other  classes  of  recombinant 
DNA  molecules  if  the  Director.  NIH. 
on  the  recommendation  of  the  Recom- 
binant DNA  Advisory  Committee, 
after  appropriate  notice  and  opportu- 
nity for  public  comment,  finds  that 
they  do  not  present  a significant  risk 
to  health  or  the  environment. 

I-F.  General  Definitions.  The  follow- 
ing terms,  which  are  used  throughout 
these  guidelines,  are  defined  as  fol- 
lows: 

I-F-l.  "DNA''  means  deoxyribo-  nu- 
cleic acid. 

I-F-2.  "Recombinant  DNA  mole- 
cule” means  either  <i)  molecules  which 
are  constructed  outside  living  cells  by 
joining  natural  or  synthetic  DNA  seg- 
ments to  DNA  molecules  that  can  rep- 
licate in  a living  cell,  or  (ii)  DNA  mole- 
cules which  result  from  the  replication 
of  a molecule  described  in  (i)  above. 

I-F-3.  "Director"  means  the  Director 
of  the  National  Institutes  of  Health 
(NIH)  and  any  other  officer  or  em- 


ployee of  NIH  to  whom  authority  has 
been  delegated. 

I-F-4.  "Institution"  means  any 
public  or  private  entity  (including  Fed- 
eral. State,  and  local  government 
agencies). 

I-F-5.  Memorandum  of  Under- 
standing and  Agreement"  or  "MUA" 
means  an  institution's  certification  to 
NIH  that  the  project  will  comply  with 
the  guidelines.  See  appendix  C regard- 
ing the  form  and  contents  of  an  MUA. 

I-F-6.  "Institutional  Biosafety  Com- 
mittee" or  IBC"  is  discussed  in  detail 
in  section  IV-A-2. 

I-F-7.  “Area  Biosafety  Committee" 
or  "ABC"  means  that  in  special  cir- 
cumstances. in  consultation  with  the 
NIH  Office  of  Recombinant  DNA  Ac- 
tivities. an  Area  Biosafety  Committee 
may  be  formed,  composed  of  members 
from  the  institution  and  other  organi- 
zations beyond  its  own  staff,  as  an  al- 
ternative to  an  IBC  when  additional 
expertise  outside  the  institution  is 
needed  for  the  indicated  reviews. 

I-F-8.  "Recombinant  DNA  Advisory 
Committee"  or  "RAC"  means  the 
public  advisory  committee  that  shall 
advise  the  Secretary,  Assistant  Secre- 
tary for  Health,  and  the  Director  of 
the  National  Institutes  of  Health,  con- 
cerning recombinant  DNA  research. 
The  RAC  shall  consist  of  members 
who  shall  be  selected  from  persons 
knowledgeable  in  the  fields  of  recom- 
binant DNA  technology,  biological 
safety,  ar.d  community  interests. 
Nominations  for  the  RAC  may  be  sub- 
mitted to  ORDA  and  will  be  consid- 
ered in  accordance  with  established 
nomination  procedures  for  NIH  peer 
review  groups. 

I-F-9.  "NIH  Office  of  Recombinant 
DNA  Activities”  or  "ORDA"  means 
the  office  within  NIH  with  responsibil- 
ity to  (i)  review  and  coordinate  all  ac- 
tivities of  NIH  related  to  the  guide- 
lines: (li)  foster  the  interrelationships 
between  NIH  and  other  (Jovemment 
agencies,  private  foundations,  profes- 
sional societies  and  industry,  in  order 
to  assure  coordination  of  activities; 
(Hi)  promote  international  coopera- 
tion: (iv)  review  the  composition  of  In- 
stitutional Biosafety  Committees:  (v) 
review  MUA's:  < vi ) develop  registries 
of  activities  related  to  recombinant 
DNA  research  (laboratories,  projects, 
new  containment  facilities,  etc.);  and 
(vii)  prepare  regular  reports. 

II.  Containment 

Effective  biological  safety  programs 
have  been  operative  in  a variety  of  lab- 
oratories for  many  years.  Considerable 
information  therefore  already  exists 
for  the  design  of  physical  containment 
facilities  and  the  selection  of  labora- 
tory procedures  applicable  to  organ- 
isms carrying  recombinant  DNA’s.  (6- 
19)  The  existing  programs  rely  upon 
mechanisms  that,  for  convenience,  can 
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be  divided  into  two  categories:  (i)  a set 
of  standard  practices  that  are  general- 
ly used  in  microbiological  laboratories, 
and  Cii>  special  procedures,  equipment, 
and  laboratory  installations  that  pro- 
vide physical  barriers  which  are  ap- 
plied in  varying  degrees  according  to 
the  estimated  biohazard. 

Experiments  on  recombinant  DNA's, 
by  their  very  nature,  lend  themselves 
to  a third  containment  mechanism— 
namely,  the  application  of  highly  spe- 
cific biological  barriers.  In  fact,  natu- 
ral barriers  do  exist  which  limit  either 
(i)  the  infectivity  of  a vector,  or  vehi- 
cle. (plasmid,  bacteriophage,  or  virus) 
to  specific  hosts  or  (ii)  its  dissemina- 
tion and  survival  in  the  environment. 
The  vectors  that  provide  the  means 
for  replication  of  the  recombinant 
DNA's  and  or  the  host  cells  in  which 
they  replicate  can  be  genetically  de- 
signed to  decrease  by  many  orders  of 
magnitude  the  probability  of  dissemi- 
nation of  recombinant  DNA's  outside 
the  laboratory. 

As  these  three  means  of  contain- 
ment are  complimentary,  different 
levels  of  containment  appropriate  for 
experiments  with  different  recombin- 
ants can  be  established  by  applying 
various  combinations  of  the  physical 
and  biological  barriers  along  with  a 
constant  use  of  the  standard  practices. 
We  consider  these  categories  of  con- 
tainment separately  here  in  order  that 
such  combinations  can  be  conveniently 
expressed  in  the  guidelines. 

In  constructing  these  guidelines,  it 
was  necessary  to  define  boundary  con- 
ditions for  the  different  levels  of  phys- 
ical and  biological  containment  and 
for  the  classes  of  experiments  to 
which  they  apply.  We  recognize  that 
these  definitions  do  not  take  into  ac- 
count all  existing  and  anticipated  in- 
formation on  special  procedures  that 
will  allow  particular  experiments  to  be 
carried  out  under  different  conditions 
than  indicated  here  without  affecting 
risk.  Indeed,  we  urge  that  individual 
investigators  devise  simple  and  more 
effective  containment  procedures  and 
that  investigators  and  institutional 
biosafety  committees  recommend 
changes  in  the  guidelines  to  permit 
their  use. 

II-A.  Standard  Practices  and  Train- 
ing. The  first  principle  of  containment 
is  a strict  adherence  to  good  microbio- 
logical practices.  (6-15)  Consequently, 
all  personnel  directly  or  indirectly  in- 
volved in  experiments  on  recombinant 
DNA's  must  receive  adequate  instruc- 
tion. This  should  as  a minimum  in- 
clude instruction  in  aseptic  techniques 
and  in  the  biology  of  the  organisms 
used  in  the  experiments,  so  that  the 
potential  biohazards  can  be  under- 
stood and  appreciated. 

Any  research  group  working  with 
agents  with  a known  or  potential  bio- 
hazard should  have  an  emergency 


plan  which  describes  the  procedures  to 
be  followed  if  an  accident  contami- 
nates personnel  or  the  environment. 
The  principal  investigator  must  insure 
that  everyone  in  the  laboratory  is  fa- 
miliar with  both  the  potential  hazards 
of  the  work  and  the  emergency  plan. 
If  a research  group  is  working  with  a 
known  pathogen  for  which  an  effec- 
tive vaccine  is  available,  all  workers 
should  be  immunized.  Serological 
monitoring,  where  appropriate,  should 
be  provided. 

II-B.  Physical  Containment  Levels. 
The  objective  of  physical  containment 
is  to  confine  organisms  containing 
novel  recombinant  DNA  molecules, 
and  thus  to  reduce  the  potential  for 
exposure  of  the  laboratory  worker, 
persons  outside  of  the  laboratory,  and 
the  environment  to  organisms  contain- 
ing novel  recombinant  DNA  molecules. 
Physical  containment  is  achieved 
through  the  use  of  laboratory  prac- 
tices. containment  equipment,  and  spe- 
cial laboratory  design.  Emphasis  is 
placed  on  primary  means  of  physical 
containment  which  are  provided  by 
laboratory  practices  and  containment 
equipment.  Special  laboratory  design 
provides  a secondary  means  of  protec- 
tion against  the  accidental  release  of 
organisms  outside  the  laboratory  or  to 
the  environment.  Special  laboratory 
design  is  used  primarily  in  facilities  in 
which  experiments  of  moderate  to 
high  potential  hazard  are  performed. 

Combinations  of  laboratory  prac- 
tices. containment  equipment,  and  spe- 
cial laboratory  design  can  be  made  to 
achieve  different  levels  of  physical 
containment.  Four  levels  of  physical 
containment,  which  are  designated  as 
PI.  P2,  P3.  and  F4,  are  described.  It 
should  be  emphasized  that  the  de- 
scriptions and  assignments  of  physical 
containment  detailed  below  are  based 
on  existing  appproaches.  to  contain- 
ment of  pathogenic  organisms.  For  ex- 
ample, the  "Classification  of  Etiologic 
Agents  on  the  Basis  of  Hazard."  (7) 
prepared  by  the  Center  for  Disease 
Control,  describes  four  general  levels 
which  roughly  correspond  to  our  de- 
scriptions for  PI.  P2.  P3.  and  P4;  and 
the  National  Cancer  Institute  de- 
scribes three  levels  for  research  on  on- 
cogenic viruses  which  roughly  corre- 
spond to  our  P2,  P3.  and  P4  levels. (8) 

It  is  recognized  that  several  differ- 
ent combinations  of  laboratory  prac- 
tices, containment  equipment,  and  spe- 
cial laboratory  design  may  be  appro- 
priate for  containment  of  specific  re- 
search activities.  The  guidelines, 
therefore,  allow  alternative  selections 
of  primary  containment  equipment 
within  facilities  that  have  been  de- 
signed to  provide  P3  and  P4  levels  of 
physical  containment.  The  selection  of 
alternative  methods  of  primary  con- 
tainment is  dependent,  however,  on 
the  level  of  biological  containment 


provided  by  the  host-vector  system 
used  in  the  experiment.  Consideration 
will  also  be  given  by  the  Recombinant 
DNA  Advisory  Committee  to  other 
combinations  which  achieve  an  equiva- 
lent level  of  containment.  Additional 
material  on  physical  containment  for 
plant  host-vector  systems  is  found  in 
sections  III-C-3  and  III-C-4. 

II-B-1.  PI  Level 

II-B-l-a.  Laboratory  Practices. 

II-B-l-a-(l).  Laboratory  doors  shall 
be  kept  closed  while  experiments  are 
in  progress. 

II-B-l-a-(2).  Work  surfaces  shall  be 
docontaminated  daily,  and  immediate- 
ly following  spills  of  organisms  con- 
taining recombinant  DNA  molecules. 

II-B-l-a-(3).  All  biological  wastes 
shall  be  decontaminated  before  dispos- 
al. Other  contaminated  materials  such 
as  glassware,  animal  cages,  and  labora- 
tory equipment  shall  be  decontaminat- 
ed before  washing,  reuse,  or  disposal. 

II-B-l-a-(4).  Mechanical  pipetting 
devices  shall  be  used:  pipetting  by 
mouth  is  prohibited. 

II-B-l-a-(5).  Eating,  drinking,  smok- 
ing. and  storage  of  foods  are  not  per- 
mitted in  the  working  area. 

II-B-l-a-(6).  Persons  shall  wash 
their  hands  after  handling  organisms 
containing  recombinant  DNA  mole- 
cules and  when  they  leave  the  labora- 
tory. 

II-B-l-a-(7).  Care  shall  be  taken  in 
the  conduct  of  all  procedures  to  mini- 
mize the  creation  of  aerosols. 

II-B-l-a-(8).  Contaminated  materi- 
als that  are  to  be  decontaminated  at  a 
site  away  from  the  laboratory  shall  be 
placed  in  a durable  leak-proof  contain- 
er which  is  closed  before  removal  from 
the  laboratory. 

II-B-l-a-(9).  An  insect  and  rodent 
control  program  shall  be  instituted. 

II-B-l-a-(lO).  The  use  of  laboratory 
gowns,  coats,  or  uniforms  is  discretion- 
ary with  the  laboratory  supervisor. 

II-B-l-a-(ll).  Use  of  the  hypoder- 
mic needle  and  syringe  shall  be  avoid- 
ed when  alternative  methods  are  avail- 
able. 

II-B-l-b.  Containment  Equipment 
Special  containment  equipment  is  not 
required  at  the  PI  level. 

II-B-l-c.  Special  Laboratory  Design. 
Special  laboratory  design  is  not  re- 
quired at  the  PI  level. 

II-B-2.  P2  Level 

II-B-2-a.  Laboratory  Practices. 

II-B-2-a-(l).  Laboratory  doors  shall 
be  kept  closed  while  experiments  are 
in  progress. 

II-B-2-a-(2).  Work  surfaces  shall  be 
decontaminated  daily,  and  immediate- 
ly following  spills  of  organisms  con- 
taining recombinant  DNA  molecules. 

II-B-2-a-(3).  All  biological  wastes 
shall  be  decontaminated  before  dispos- 
al. Other  contaminated  materials  such 
as  glassware,  animal  cages,  and  labora- 
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lory  equipment  shall  be  decontaminat- 
ed before  washing,  reuse,  or  disposal. 

H-B-2-a-<4).  Mechanical  pipetting 
devices  shall  be  used:  pipetting  by 
mouth  is  prohibited. 

II-B-2-a-<5).  Eating,  drinking,  smok- 
ing and  stcr&ge  of  food  are  not  per- 
mitted in  the  laboratory  area. 

II-B-2-a-<8).  Persons  shall  wash 
their  hands  after  handling  organisms 
containing  recombinant  DNA  mole- 
cules and  when  they  leave  the  labora- 
tory. 

Il-B-2-a-<7).  ‘Care  shall  be  exer- 
cised to  minimize  the  creation  of  aero- 
sols. For  example,  manipulations  such 
as  Inserting  a hot  Inoculating  loop  or 
needle  Into  a culture.  Taming  an  in- 
oculation loop  or  needle  so  that  it 
splatters,  and  forceful  ejection  of 
fluids  from  pipettes  or  syringes  shall 
be  avoided. 

II-B-2-a-<8).  Contaminated  materi- 
als that  are  to  be  decontaminated  at  s 
site  away  from  the  laboratory  shall  be 
placed  in  a durable  leak  proof  contain- 
er which  is  closed  before  removal  from 
the  laboratory. 

II-B-2-a-<9i.  *On’y  persons  who 
have  been  advised  of  the  nature  of  the 
research  be.ng  conducted  shall  enter 
the  laboratory. 

II-B-2-a-<10).  ‘Children  under  12 
years  of  age  shall  not  enter  the  labora- 
tory . 

I1-B  2-a-tll).  The  universal  bioha- 
zard sign  shall  be  posted  on  all  labora- 
tory access  doors  when  experiments 
requiring  P2  containment  are  in  pro- 
gress. Freezers  and  refrigerators  used 
to  store  organisms  containing  recom- 
binant DNA  molecules  shall  also  be 
pasted  with  the  universal  biohazard 
sign. 

lJ-B-2-a-<12).  An  insect  and  rodent 
control  program  shall  be  instituted. 

II  3-2-a-<  13'.  The  use  of  laboratory 
gtrens,  coats,  o*  uniforms  is  required. 
Laboratory  clothing  shall  not  be  wem 
to  the  lunch  room  or  outside  of  the 
building  in  which  the  laboratory  is  lo- 
cated. 

II-B-2-*-<M>.  ‘Animals  not  related 
to  the  experiment  shall  not  be  permit- 
ted in  the  laboratory. 

n-B-2-a-tl5'.  Use  of  the  hypoder- 
mic needle  and  syringe  shall  be  avoid- 
ed when  alternative  methods  are  avail- 
able. 

II-B-2-a-t  18).  The  laboratory  shall 
be  kept  neat  end  clean. 

II-B-2-a-«  17).  ‘Experiments  of  lesser 
biohazard  potential  can  be  carried  cut 
concurrently  in  carefully  demarcated 
areas  of  the  same  laboratory. 

II-B-2-b.  Contairvrient  Equipment 
‘Biological  safety  cabinets  (20)  shall 
be  used  to  contain  aerosol-producing 
equipment  such  as  blenders,  lyophi- 


‘Deraoles  laboratory  practices,  contain- 
ment equipment,  or  special  laboratory 
design  which  were  not  required  at  the  next 
lower  level  of  containment. 


lizers,  sonicators.  and  centrifuges 
when  used  to  process  organisms  con- 
taining recombinant  DNA  molecules, 
except  where  equipment  design  pro- 
vides for  containment  of  the  potential 
aerosol.  For  example,  a centrifuge  may 
be  operated  in  the  open  if  a sealed 
head  or  safety  centrifuge  cups  are 
used. 

II-B-2-c.  SpecicU  Laboratory  Derim. 
•An  autoclave  for  sterilization  of 
wastes  and  contaminated  materials 
shall  be  available  In  the  same  building 
in  which  organisms  containing  recom- 
binant DNA  molecules  are  used. 

II-B-3.  P3  Level. 

II-B-3-a.  Laboratory  Practice*. 

II-B-3-a-<  1 ).  Laboratory  doors  shall 
be  kept  closed  while  experiments  are 
in  progress. 

ri-B-3-a-(2).  ‘Work  surfaces  shall  be 
decontaminated  following  the  comple- 
tion of  the  experimental  activity,  and 
Lmmedia'ely  folowlng  spills  of  organ- 
isms contain  ng  recombinant  DNA 
molecules. 

II-B-3-a-<3).  All  biological  wastes 
shall  be  decontaminated  before  dispos- 
al. Other  contaminated  materials  such 
as  glassware,  ar.lmtl  cages,  and  labora- 
tory equipment  shall  be  decontaminat- 
ed before  washing,  reuse,  or  disposal. 

II-B-3-a-<4).  Mechanical  pipetting 
devices  shall  be  used:  pipetting  by 
month  is  prohibited. 

II-B-3-a-<  5 >.  Ea'ing.  drinking,  smok- 
ing. and  storage  of  food  are  not  per- 
mitted in  the  laboratory  area. 

II-B-3  a-<  6).  Persons  shall  wash 
their  hands  after  handling  organisms 
containing  recombinant  DNA  mole- 
cules ar.d  when  they  leave  the  labora- 
tory. 

lI-B-3-a-<7).  Care  shall  be  exercised 
to  minimize  the  creation  of  aerosols. 
For  example,  manipulations  such  as 
inserting  a hot  Inoculating  loop  or 
needle  into  a culture,  flaming  an  in- 
oculation loop  or  needle  so  that  it 
splatters,  and  forceful  ejection  of 
fluids  from  pipettes  or  synnges  shall 
be  avoided. 

!I-B-3-a-t8>.  Contaminated  materi- 
als that  are  to  be  decontaminated  at  a 
site  away  from  the  laboratory  shall  be 
placed  in  a durable  leak-proof  contain- 
er which  is  closed  before  removal  from 
the  iabora'ory. 

Il-B-3-a-(9).  ‘Entry  into  the  labora- 
tory shall  be  through  a controlled 
access  area.  Only  persons  who  have 
been  advised  of  the  nature  of  the  re- 
search being  conducted  shall  enter  the 
controlled  access  area.  Only  persons 
required  on  the  basis  of  program  or 
support  needs  shall  be  authorized  to 
enter  the  laboratory.  Such  persons 
shall  be  advised  of  the  nature  of  the 
research  being  conducted  before  entry, 
and  shall  comply  with  all  required 
entry  and  exit  procedures. 


II-B-3-a-<10/.  Children  under  12 
years  of  age  shall  not  enter  the  labora- 
tory. 

II-B-3-a  11).  The  universal  bioha- 
zard s.jn  shall  be  pasted  on  the  cen- 
tre/ led  access  area  door  and  on  all  lab- 
oratory doers  when  experiments  re- 
qu.r.rg  P3-level  containment  are  in 
progress.  Freezers  and  refrigerators 
used  to  store  organisms  containing  re- 
combinant DNA  molecules  shall  also 
be  ported  with  the  universal  biohazard 
s’gn. 

II-3-3-a-<12).  An  insect  and  rodent 
control  program  shall  be  instituted. 

II-B-3-a-<13).  ‘Laboratory  clothing 
tnat  pro'ects  street  ciothing  tLe..  long- 
sleeve  solid- front  or  wrap-around 
gowns,  no-button  or  slipover  jackets, 
etc.)  shall  be  worn  in  the  laboratory. 
Front-button  laboratory  coats  are  un- 
su'taoie.  Laboratory  clothing  shall  not 
be  worn  ouU.de  the  laboratory  and 
shah  be  decontaminated  before  it  is 
sent  to  the  laundry. 

II-B-3-a-tl4).  ‘Raincoats.  overcoaU. 
topcoats,  coats,  hats.  caps,  and  such 
street  outer- wear  shall  not  be  kept  in 
the  laboratory. 

U-B-3-a-t  15 ).  “Gloves  shall  be  worn 
when  hardlmg  materials  requiring  P3 
containment.  They  shall  be  removed 
asepticaliy  immediately  after  the  han- 
dling procedure  and  decontaminated. 

II-3-3-a-<16).  ‘Animals  end  plants 
not  related  to  the  experiment  shall 
net  ber  permitted  in  the  laboratory. 

II-B-3-a-(  17).  ‘Vacuum  outlets  shall 
be  protected  by  filter  and  liquid  disin- 
fectant traps. 

II-B-3-a-<  18).  Cse  of  hypodermic 
needle  and  syringe  shall  be  avoided 
when  alternative  methods  are  availa- 
ble. 

I!-B-3-a-<19).  The  laboratory  shall 
be  kept  neat  and  clean. 

Il-B-3-a-<20).  ‘If  experiments  in- 
volving other  organ  .sms  which  require 
lower  levels  of  containment  are  to  be 
conducted  in  the  same  laboratory  con- 
currently with  experiments  requiring 
P3-ieve!  physical  containment,  they 
shall  be  conducted  in  accordance  with 
all  P3-Ievel  laboratory  prac  tices. 

II-B-3-o.  CorMunment  Equipment 

II-B-3-b-<  1 ).  ‘Biological  safety  cabi- 
nets 20  shall  be  used  tor  all  equipment 
and  manipulations  that  produce  aero- 
sols— e.g..  pipetting,  dilutions,  transfer 
operations,  plating,  flaming,  grinding, 
blending,  drying,  sonicating,  shaking, 
centrifuging— where  these  procedures 
Involve  organisms  containing  recom- 
binant DNA  molecules,  except  where 
equipment  design  provides  for  contain- 
ment of  the  potential  aerosoL 

II-E-3-b-2).  ‘Laboratory  animals 
held  in  a P3  area  shall  be  housed  in 
partial  containment  caging  systems 
such  as  Eorsfali  units,  open  cages 
placed  in  ventilated  enclosures,  soiid- 
wall-and-bottom  cages  covered  by 
filter  bonnets,  cr  solid-wall  and 
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bottom-cages  placed  on  holding  racks 
equipped  with  ultraviolet  radiation 
lamps  and  reflectors.  (Note:  Conven- 
tional caging  systems  may  be  used, 
provided  that  all  personnel  wear  ap- 
propriate personal  protective  devices. 
These  shall  include  at  a minimum  wra- 
paround gowns,  head  covers,  gloves, 
shoe  covers,  and  respirators.  All  per- 
sonnel shall  shower  on  exit  from  areas 
where  these  devices  are  required.) 

II-B-3-b-(3).  * Alternative  Selection 
of  Containment  Equipment  Experi- 
mental procedures  involving  a host- 
vector  system  which  provides  a one- 


step  higher  level  of  biological  contain- 
ment than  that  specified  in  Part  III 
can  be  conducted  in  the  P3  laboratory 
using  containment  equipment  speci- 
fied for  the  P2  level  of  physical  con- 
tainment. Experimental  procedures  in- 
volving a host-vector  system  which 
provides  a one-step  lowTer  level  of  bio- 
logical containment  than  that  speci- 
fied in  Part  III  can  be  conducted  in 
the  P3  laboratory  using  containment 
equipment  specified  for  the  P4  level  of 
physical  containment.  Alternative 
combinations  of  containment  safe- 
guards are  shown  in  table  I. 


Table  I 

CCMBINATICNS  OF  SAFEGUARDS 


Classification  of 
experiment 

accord ire  to  Guidelines 

Alter rate 

canbinations  cf  phvsical  ar.d  biological  containment 

Fhvsical  Containment 

Laooracorv  Lsooratcry 

Containment 

Physical 

Biological* 

design  practices 

equipment 

Biological 

cents  inrnerrt 

ccntairre.ot 

soecii lec 

fer:  scecified  for: 

scecified  for: 

containment 

Pi 

H73 

P3 

P3 

P3 

HV3 

P3 

HV3 

P3 

P3 

P4 

HV2 

Pi 

HV2 

P3 

P3 

P3 

HV2 

P3 

HV2 

P3 

?3 

P2 

HV3 

P3 

KV2 

F3 

P3 

P4 

HV1 

P3 

KVl 

P3 

P3 

?3 

HVl 

P3 

KVl 

P3 

P3 

P2 

HV2 

’See  Section  II-D  for  description  of  biological  containment. 


II-B-3-c.  Special  Laboratory  Design. 

II-B-3-c-(l).  ’The  laboratory  shall 
be  separated  from  areas  which  are 
open  to  unrestricted  traffic  flow  by  a 
controlled  access  area.  A controiled 
access  area  is  an  anteroom,  a change 
room,  an  air  lock  or  any  other  double- 
door arrangement  which  separates  the 
laboratory  from  areas  w'hich  are  open 
to  unrestricted  traffic  flow. 

II-B-3-c-(2).  ‘The  surfaces  of  walls, 
floors,  and  ceilings  shall  be  readily 
cleanable.  Penetrations  through  these 
surfaces  shall  be  sealed  or  capable  of 
being  sealed  to  facilitate  space  decon- 
tamination. 

II-B-3-c-(3).  *A  foot,  elbow,  or  auto- 
matically operated  handwashing  facili- 
ty shall  be  provided  near  each  primary 
laboratory  exit  area. 

II-B-3-c-(4).  ’Windows  in  the  labo- 
ratory shall  be  sealed. 

II-B-3-c-(5).  ’Laboratory  doors  shall 
be  self-closing. 

II-B-3-c-(6).  ’An  autoclave  for  steril- 
ization of  wastes  and  contaminated 
materials  shall  be  available  in  the 
same  building  (and  preferably  within 
the  controlled  laboratory  area)  in 
w-hich  organisms  containing  recombin- 
ant DNA  molecules  are  used. 

II-B-3-c-(7).  ’An  exhaust  air  ventila- 


tion system  shall  be  provided.  This 
system  shall  be  balanced  so  that  the 
direction  of  airflow  is  from  the  con- 
trolled access  area  into  the  laboratory 
environment.  The  exhaust  air  shall 
not  be  recirculated  to  any  other  areas 
of  the  building.  Recirculation  of  air 
within  the  laboratory  room,  however, 
may  be  provided.  The  exhaust  air 
from  the  laboratory  shall  be  dis- 
charged to  the  outdoors  so  that  it  is 
dispersed  clear  of  occupied  buildings 
and  air  intakes,  the  exhaust  air  from 
the  laboratory  can  be  discharged  to 
the  outdoors  without  filtration  or 
other  treatment. 

II-B-3-c-(8).  ’The  treated  exhaust 
air  from  class  I and  class  II  biological 
safety  cabifiets  (20)  may  be  discharged 
either  directly  to  the  laboratory  or  to 
the  outdoors.  The  treated  exhaust  air 
from  a class  III  cabinet  shall  be  dis- 
charged directly  to  the  outdoors.  If 
the  treated  exhaust  air  from  these 
cabinets  is  to  be  discharged  to  the  out- 
doors through  a building  exhaust  air 
system,  it  shall  be  connected  to  this 
system  so  as  to  avoid  any  interference 
with  the  air  balance  of  the  cabinet  or 
building  exhaust  air  system. 

II-B-4.  P4  Level 


FEDERAL  REGISTER,  VOL.  43,  NO.  146— FRIDAY,  JULY  28, 


II-B-4-a.  Laboratory  Practices. 

II-B-4-a-(l).  Laboratory  doors  shall 
be  kept  closed  while  experiments  are 
in  progress. 

II-B-4-a-(2).  Work  surfaces  shall  be 
decontaminated  following  the  comple- 
tion of  the  experimental  activity  and 
immediately  following  spills  of  organ- 
isms containing  recombinant  DNA 
molecules. 

II-B-4-a-(3).  All  biological  wastes 
shall  be  decontaminated  before  dispos- 
al. Other  contaminated  materials  such 
as  glassware,  animal  cages,  and  labora- 
tory equipment  shall  be  decontaminat- 
ed before  washing,  reuse,  or  disposal. 

II-B-4-a-(4).  Mechanical  pipetting 
devices  shall  be  used;  pipetting  by 
mouth  is  prohibited. 

II-B-4-a-(5).  ’Eating,  drinking, 
smoking,  and  storage  of  food  are  not 
permitted  in  the  P4  facility. 

II-B-4-a-(6).  Persons  shall  wash 
their  hands  after  handling  organisms 
containing  recombinant  DNA  mole- 
cules and  when  they  leave  the  labora- 
tory. 

II-B-4-a-(7).  Care  shall  be  exercised 
to  minimize  the  creation  of  aerosols. 
For  example,  manipulations  such  as 
inserting  a hot  inoculating  loop  or 
needle  into  a culture,  flaming  an  in- 
oculation loop  or  needle  so  that  is 
splatters,  and  forceful  ejection  of 
fluids  from  pipettes  or  syringes  shall 
be  avoided. 

II-B-4-a-(8).  ’Biological  materials  to 
be  removed  from  the  P4  facility  in  a 
viable  or  intact  state,  shall  be  trans- 
ferred to  a nonbreakable  sealed  con- 
tainer w'hich  is  then  removed  from  the 
P4  facility  through  a passthrough  dis- 
infectant dunk  tank  or  fumigation 
chamber. 

II-B-4-a-(9).  ’No  materials,  except 
for  biological  materials  that  are  to 
remain  in  a viable  or  intact  state,  shall 
be  removed  from  the  P4  facility  unless 
they  have  been  sterilized  or  decon- 
taminated as  they  pass  out  of  the  P4 
facility.  All  wastes  and  other  materials 
as  well  as  equipment  not  damaged  by 
high  temperature  or  steam  shall  be 
sterilized  in  the  double-door  autoclave 
of  the  P4  facility.  Other  materials 
which  may  be  damaged  by  tempera- 
ture or  steam  shall  be  removed  from 
the  P4  facility  through  a passthrough 
fumigation  chamber. 

II-B-4-a-(10).  ’Materials  within  the 
class  III  cabinets  shall  be  removed 
from  the  cabinet  system  only  after 
being  sterilized  in  an  attached  double- 
door autoclave  or  after  being  con- 
tained in  a nonbreakable  sealed  con- 
tainer which  is  then  passed  through  a 
disinfectant  dunk  tank  or  a fumigation 
chamber. 
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II-B-4-a-(lI).  ‘Only  persons  whose 
entry  into  the  P4  facility  is  required  to 
meet  program  or  support  needs  shall 
be  authorized  to  enter.  Before  enter- 
ing. such  persons  shall  be  advised  of 
the  nature  of  the  research  being  con- 
ducted and  shall  be  Instructed  as  to 
the  appropriate  safeguards  to  Insure 
their  safety.  They  shall  comply  with 
instructions  and  all  other  required 
procedures. 

II-B-4-a-<  12).  ‘Persons  under  18 
years  of  age  shall  not  enter  the  P4  fa- 
cility. 

II-B-4-a-<13>.  ‘Personnel  shall  enter 
into  and  exit  from  the  P4  facility  only 
through  the  clothing  change  and 
shower  rooms.  Personnel  shall  shower 
at  each  egress  from  the  P4  facility.  Air 
locks  shall  not  be  used  for  personnel 
entry  or  exit  except  for  emergencies. 

Il-B-4-a-<  14).  ‘Street  clothing  shall 
be  removed  In  the  outer  side  of  the  P4 
facility  clothing  change  area  and  kept 
there.  Complete  laboratory  clothing 
including  undergarments,  head  cover, 
shoes,  and  either  pants  and  shirts  or 
Jumpsuits  shall  be  provided  and  used 
by  all  persons  who  enter  the  P4  facili- 
ty. Upon  exit,  personnel  shall  store 
this  clothing  in  lockers  provided  for 
this  purpose  or  discard  it  into  collec- 
tion hampers  before  entering  the 
shower  area. 

II-B-4-a-(  15).  ‘The  universal  bioha- 
zard sign  is  required  on  the  P4  facility 
access  doors  and  all  interior  doors  to 
individual  laboratory  rooms  where  ex- 
periments are  conducted. 

II-B-4-a-(  16).  An  insect  and  rodent 
control  program  shall  be  instituted. 

II-B-4-a-<  17).  Animals  and  plants 
not  related  to  the  experiment  shall 
not  be  permitted  In  the  laboratory  in 
which  the  experiment  is  being  con- 
ducted. 

II-B-4-a-(  18).  Use  of  the  hypoder- 
mic needle  and  syringe  shall  be  avoid- 
ed when  alternate  methods  are  availa- 
ble. 

Table  tl 


II-B-4-C.  Special  Laboratory  Design. 
II-B-4-c-<l).  ‘The  laboratory  shall 


II-B-4-a-<19).  The  laboratory  shall 
be  kept  neat  and  clean. 

II-B-4-a-(  20).  ‘If  experiments  In- 
volving other  organisms  which  require 
lower  levels  of  containment  are  to  be 
conducted  in  the  P4  facility  concur- 
rently with  experiments  requiring  P4- 
level  containment,  they  shall  be  con- 
ducted in  accordance  with  all  P4-level 
laboratory  practices  specified  in  this 
section. 

II-B-4-b.  Containment  Equipment 

II-B-4-b-<l).  ‘Experimental  proce- 
dures involving  organisms  which  re- 
quire P4-level  physical  containment 
shall  be  conducted  either  in  <l)  a class 
III  cabinet  system  or  in  (11)  class  I or 
class  II  cabinets  that  are  located  In  a 
specially  designed  area  In  which  all 
personnel  arc  required  to  wear  one- 
piece  positive- pressure  Isolation  suits. 

II-B-4-b-<2).  ‘Laboratory  animals 
Involved  in  experiments  requiring  P4- 
level  physical  containment  shall  be 
housed  either  in  cages  contained  in 
class  III  cabinets  or  In  partial  contain- 
ment caging  systems  (such  as  Horsfall 
units,  open  cages  placed  in  ventilated 
enclosures,  or  solid  wall  and  bottom 
cages  covered  by  filter  bonnets,  or 
solid  wall  and  bottom  cages  placed  on 
holding  racks  equipped  with  ultravio- 
let irradiation  lamps  and  reflectors) 
that  are  located  in  a specially  designed 
area  in  which  all  personnel  are  re- 
quired to  wear  one-piece  positive-pres- 
sure suits. 

II-B-4-b-(3).  ‘ Alternative  Selection 
of  Containment  Equipment  Experi- 
mental procedures  Involving  a host- 
vector  system  which  provides  a one- 
step  higher  level  of  biological  contain- 
ment than  that  specified  In  Part  III 
can  be  conducted  in  the  P4  facility 
using  containment  equipment  require- 
ments specified  for  the  P3  level  of 
physical  containment.  Alternative 
combinations  of  containment  safe- 
guards are  shown  In  table  II. 


be  located  in  a restricted  access  facili- 
ty which  is  either  a separate  building 


or  a clearly  demarcated  and  isolated 
zone  within  a building.  Clothing 
change  areas  and  shower  rooms  shall 
be  provided  for  personnel  entry  and 
egress.  These  rooms  shall  be  arranged 
so  that  personnel  egress  is  through 
the  shower  area  to  the  change  room.  A 
double-door  ventilated  vestibule  or  ul- 
traviolet air  lock  shall  be  provided  for 
passage  of  materials,  supplies,  and 
equipment  which  are  not  brought  into 
the  P4  facility  through  the  change 
room  area. 

II-B-4-c-<2).  ‘Walls,  floors,  and  ceil- 
ings of  the  P4  facility  are  constructed 
to  form  an  internal  shell  which  readily 
allows  vapor-phase  decontamination 
and  is  animal-  and  insect-proof.  All 
penetrations  through  these  structures 
and  surfaces  are  sealed.  (The  integrity 
of  the  walls,  floors,  ceilings,  and  pene- 
tration seals  should  insure  adequate 
containment  of  a vapor-phase  deconta- 
minant under  static  pressure  condi- 
tions. This  requirement  does  not  imply 
that  these  surfaces  must  be  airtight.) 

II-B-4-c-<3).  ‘A  foot-,  elbow-,  or 
automatically-operated  hand  washing 
facility  shall  be  provided  near  the  door 
within  each  laboratory  in  which  ex- 
periments Involving  recombinant  DNA 
are  conducted  in  open-face  biological 
safety  cabinets. 

II-B-4-c-<4).  ‘Where  a central 
vacuum  system  is  provided,  it  shall  not 
serve  areas  outside  the  P4  facility.  The 
vacuum  system  shall  include  in-line 
HEPA  filters  as  near  as  practicable  to 
each  use  point  or  service  cock.  The  fil- 
ters shall  be  installed  so  as  to  permit 
in-place  decontamination  and  replace- 
ment. Water  supply  and  liquid  and 
gaseous  services  provided  to  the  P4  fa- 
cility shall  be  protected  by  devices 
that  prevent  backflow. 

II-B-4-c-(5).  ‘Foot-operated  water 
fountains  are  permitted  in  the  corri- 
dors of  the  P4  facility.  The  water  serv- 
ice provided  to  the  fountain  shall  be 
protected  from  the  water  services  to 
the  laboratory  areas  of  the  P4  facility. 

II-B-4-c-(6).  Laboratory  doors  shall 
be  self-closing. 

II-B-4-c-(7).  *A  double-door  auto- 
clave shall  be  provided  for  sterilization 
of  material  passing  out  of  the  P4  fa- 
cility. The  autoclave  doors  shall  be  in- 
terlocked so  that  both  doors  will  not 
be  open  at  the  same  time. 

II-B-4-c-<8).  ‘A  passthrough  dunk 
tank  or  fumigation  chamber  shall  be 
provided  for  removal  of  material  and 
equipment  that  cannot  be  heat-steril- 
ized from  the  P4  facility. 

II-B-4-c-(9).  ‘All  liquid  effluents 
from  the  P4  facility  shall  be  collected 
and  decontaminated  before  disposal. 
Liquid  effluents  from  biological  safety 
cabinets  and  laboratory  sinks  shall  be 
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sterilized  by  heat.  Liquid  effluents 
from  the  shower  and  hand  washing  fa- 
cilities may  be  inactivated  by  chemical 
treatment.  HEPA  filters  shall  be  in- 
stalled in  all  effluent  drain  vent  lines. 

II-B-4-c-(10).  ‘An  individual  supply 
and  exhaust -air  ventilation  system 
shall  be  provided  for  the  P4  facility. 
The  system  shall  maintain  pressure 
differemials  and  directional  airflow  as 
required  to  assure  inflow  from  areas 
outside  the  P4  facility  toward  areas  of 
highest  potential  risk  within  the  facili- 
ty. The  system  shall  be  designed  to 
prevent  the  reversal  of  airflow.  The 
system  shall  sound  an  alarm  in  the 
event  of  system  malfunction. 

II-B-4-c-(ll).  ‘Recirculation  of  air 
within  individual  laboratories  of  the 
P4  facility  is  permissible  if  this  air  is 
filtered  by  a HEPA  filter. 

II-B-4-c-(12).  ‘The  exhaust  air  from 
the  P4  facility  shall  be  filtered  and 
discharged  to  the  outdoors  so  that  it  is 
dispersed  clear  of  occupied  buildings 
and  air  intakes.  The  filter  chambers 
shall  be  designed  to  allow  in  situ  de- 
contamination before  removal  and  to 
facilitate  certification  testing  after  re- 
placement. 

II-B-4-c-(13).  The  treated  exhaust 
air  from  Class  I and  Class  II  biological 
safety  cabinets(20)  may  be  discharged 
directly  to  the  laboratory  room  envi- 
ronment or  to  the  outdoors.  The  treat- 
ed exhaust  air  from  Class  III  cabinets 
shall  be  discharged  to  the  outdoors.  If 
the  treated  exhaust  air  from  these 
cabinets  is  to  be  discharged  to  the  out- 
doors through  the  P4  facility  exhaust 
air  system,  it  shall  be  connected  to 
this  system  so  as  to  avoid  any  interfer- 
ence with  the  air  balance  of  the  cabi- 
nets or  the  facility  exhaust  air  system. 

II-B-4-c-<14).  *A  specially  designed 
suit  area  may  be  provided  in  the  facili- 
ty. Personnel  who  enter  this  area  shall 
wear  a one-piece  positive-pressure  suit 
that  is  ventilated  by  a life-support 
system.  The  life-support  system  shall 
be  pro  tided  with  alarms  and  emergen- 
cy backup  air.  Entry  to  this  area  is 
through  an  air-lock  fitted  with  air- 
tight doors.  A chemical  shower  area 
shall  be  provided  to  decontaminate 
the  surfaces  of  the  suit  before  remov- 
al. The  exhaust  air  from  the  suit  area 
shall  be  filtered  by  two  sets  of  HEPA 
filters  installed  in  series,  and  a dupli- 
cate filtration  unit  and  exhaust  fan 
shall  be  provided.  The  air  pressure 
within  the  suit  area  shall  be  less  than 
that  in  any  adjacent  area.  An  emer- 
gency lighting  system,  communication 
systems,  and  power  source  shall  be 
provided. 

The  internal  shell  of  the  suit  area 
shall  be  airtight.  A doubiedoor  auto- 
clave shall  be  provided  for  sterilization 
of  all  waste  materials  to  be  removed 
from  the  suit  area. 

II-C.  Shipment  Recombinant  DNA 
when  contained  in  an  organism  or 


virus  shall  be  shipped  in  compliance 
with  the  requirements  issued  by  the 
U.S.  Public  Health  Service  (section 
72.25  of  Part  72.  Title  42.  Code  of  Fed- 
eral Regulations).  Department  of 
Transportation  (section  173.387(b)  of 
Part  173.  Title  49.  Code  of  Federal 
Regulations),  and  the  Civil  Aeronau- 
tics Board  (C.A.B.  No.  82.  Official  Air 
Transport  Restricted  Articles  Tariff 
No.  6-D)  for  shipment  of  etiologic 
agents. 

The  packaging  and  shipment  of  or- 
ganism and  viruses  containing  recom- 
binant DNA  molecules  shall  be  in  com- 
pliance with  all  requirements  specified 
in  subparagraphs  ( i )— (5 ) of  paragraph 
(c).  ••Transportation;  etiologic  agents 
subject  to  additional  requirements,"  of 
section  72.25  of  Part  72.  Title  42,  Code 
of  Federal  Regulations.  Subparagraph 
(6)  of  paragraph  (c)  of  section  72.25  of 
Part  72.  Title  42.  Code  of  Federal  Reg- 
ulations shall  apply  to  the  shipment 
of  all  viable  host  and  vector  organisms 
which  require  F4  physical  contain- 
ment. 

Additional  information  on  packaging 
and  shipment  is  given  in  ' Labor tory 
Safety  Monograph— A Supplement  to 
the  NIH  Guidelines  for  Recombinant 
DNA  Research." 

II-D.  Biological  containment 

II-D-1.  Levels  of  biological  contain- 
ment In  consideration  of  biological 
containment,  the  vector  (plasmid,  or- 
ganelle, or  virus)  for  the  recombinant 
DNA  and  the  host  (bacterial,  plant,  or 
animal  cell)  in  which  the  vector  is 
propagated  in  the  laboratory  will  be 
considered  together.  Any  combination 
of  vector  and  host  which  are  to  pro- 
vide biological  containment  must  be 
constructed  so  that  the  following 
types  of  "escape"  are  minimized:  (i) 
Survival  of  the  vector  in  its  host  out- 
side the  laboratory,  and  (ii)  transmis- 
sion of  the  vector  from  the  propaga- 
tion host  to  other  nonlaboratory 
hosts. 

The  following  levels  of  biological 
containment  (HV,  or  Host- Vector,  sys- 
tems) for  prokaryotes  will  be  estab- 
lished; specific  criteria  will  depend  on 
the  organisms  to  be  used.  Eukaryotic 
host-vector  systems  are  considered  in 
Part  III. 

H-D-l-a.  HV1.  A host-vector  system 
which  provides  a moderate  level  of 
containment.  Specific  systems: 

H-D-l-a-(l).  EK1.  The  host  is 
always  E.  coli  K-12  or  a derivative 
thereof,  and  the  vectors  include  non- 
conjugative  plasmids  (e.g.,  pSClOl, 
CoiEl.  or  derivatives  thereof  121-27) 
and  variants  of  bacteriophage,  such  as 
0 (.28-33).  The  E.  coli  K-12  hosts 
should  not  contain  conjugation-profi- 
cient plasmids,  whether  autonomous 
or  integrated,  or  generalized  transduc- 
ing phages. 

II-D-l-a-(2).  Other  Prokaryotes. 
Hosts  and  vectors  should  be.  at  a mini- 


mum, comparable  in  containment  to  E. 
coli  K-12  with  a nonconjugative  plas- 
mid or  bacteriophage  vector.  The  data 
to  be  considered  and  a mechanism  for 
approval  of  such  HV1  systems  are  de- 
scribed below  (section  II-D-2). 

II-D-l-b.  HV2.  These  are  host-vector 
systems  showm  to  provide  a high  level 
of  biological  containment  as  demon- 
strated by  data  from  suitable  tests  per- 
formed in  the  laboratory.  Escape  of 
the  recombinant  DNA  either  via  sur- 
vival of  the  organisms  or  via  transmis- 
sion of  recombinant  DNA  to  other  or- 
ganisms should  be  less  than  Vio*  under 
specified  conditions.  Specific  systems: 

II-D-l-b-(l).  For  EK2  host-vector 
systems  in  which  the  vector  is  a plas- 
mid. no  more  than  one  in  10* host  cells 
should  be  able  to  perpetuate  a cloned 
DNA  fragment  under  the  specified 
nonpermissive  laboratory  conditions 
designed  to  represent  the  natural  envi- 
ronment, either  by  survival  of  the 
original  host  or  as  a consequence  of 
transmission  of  the  cloned  DNA  frag- 
ment, 

II-D-l-b-(2).  For  EK2  host-vector 
systems  in  which  the  vector  is  a phage, 
no  more  than  one  in  10*  phage  parti- 
cles should  be  able  to  perpetuate  a 
cloned  DNA  fragment  under  the  speci- 
fied nonpermissive  laboratory  condi- 
tions designed  to  represent  the  natural 
environment  either  (i)  as  a prophage 
or  plasmid  in  the  laboratory  host  used 
for  phage  propagation  or  (ii)  by  surviv- 
ing in  natural  environments  and  trans- 
ferring a cloned  DNA  fragment  to 
other  hosts  (or  their  resident  pro- 
phages). 

II-D-l-c.  HV3.  These  are  host-vector 
systems  in  which: 

II-D-l-c-(l).  All  HV2  criteria  are 
met. 

II-D-l-c-(2).  The  vector  is  depend- 
ent on  its  propagation  host  or  is 
highly  defective  in  mobilizability.  Re- 
version to  host-independence  must  be 
less  than  yios  per  vector  genome  per 
generation. 

II-D-l-c-(3).  No  markers  conferring 
resistance  to  antibiotics  commonly 
used  clinically  or  in  agriculture  are 
carried  by  the  vector,  unless  expres- 
sion of  such  markers  is  dependent  on 
the  propagating  host  or  on  unique  lab- 
oratory controlled  conditions  or  is 
blocked  by  the  inserted  DNA. 

n-D-l-c-(4).  The  specified  contain- 
ment shown  by  laboratory  tests  has 
been  independently  confirmed  by 
specified  tests  in  animals,  including 
primates,  and  in  other  relevant  envi- 
ronments. 

II-D-l-c-(5).  The  relevant  genotypic 
and  phenotypic  traits  have  been  inde- 
pendently confirmed. 

II-D-2.  Certification  of  host-vector 
systems. 

II-D-2-a.  Responsibility.  HV1  sys- 
tems other  than  E.  coli  K-12,  and  HV2 
and  HV3  host-vector  systems  may  not 
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be  used  unless  they  have  been  certi- 
fied by  the  NIH.  Application  for  certi- 
fication of  a host-vector  system  is 
made  by  written  application  to  the 
Office  of  Recombinant  DNA  Activities 
(ORDAV  National  Institutes  of 
Health.  Bethesda.  Md.  20014. 

When  appropriate,  the  proposed 
host-vector  system  will  be  reviewed  by 
the  NIH  Recombinant  DNA  Advisory 
Committee  (RAC).  This  may  first  in- 
volve review  of  the  data  on  construc- 
tion. properties,  and  testing  of  the  pro- 
posed host-vector  system  by  a subcom- 
mittee composed  of  one  or  more  mem- 
bers of  the  RAC  and  other  individuals 
chosen  because  of  their  expertise  in 
evaluating  such  data.  The  committee 
will  then  evaluate  the  report  of  the 
subcommittee  and  any  other  available 
information  at  a regular  meeting. 

When  new  host-vector  systems  are 
certified,  notice  of  the  certification 
will  be  sent  to  the  applicant  and  to  all 
IBCs  and  will  be  published  in  the  "re- 
combinant DNA  Technical  Bulletin.'* 
Copies  of  a list  of  all  currently  certi- 
fied host-vector  systems  may  be  ob- 
tained from  ORDA  at  any  time. 

NIH  may  at  any  time  rescind  the 
certification  of  any  host-vector 
system.  If  cert  if  cation  of  a host-vector 
system  is  rescinded,  investigators  may 
be  asked  to  transfer  cloned  DNA  into  a 
different  system. 

Certification  of  a given  system  does 
not  extend  to  modifications  of  either 
the  host  or  vector  component  of  that 
system.  Such  modified  systems  must 
be  independently  certified  by  NIH.  If 
modifications  are  minor,  it  may  only 
be  necessary  for  the  investigator  to 
submit  data  showing  that  the  modifi- 
cations have  either  Improved  or  not 
Impaired  the  major  phenotypic  traits 
on  which  the  containment  of  the 
system  depends.  More  substantial 
modifications  of  a certified  system 
may  necessitate  submission  of  com- 
plete testing  data. 

II-D-2-b  Data  to  be  Submitted  for 
Certification 

II-D2-b-<  1).  HVl  System*  Other  than 
E.  Coti  K-IZ.  The  follow-tng  types  of 
data  should  be  submitted,  modified  as 
appropriate  for  the  particular  system 
under  consideration:  (1)  A description 
of  the  organism  and  vector,  the 
strain’s  natural  habitat  and  growth  re- 
quirements: the  range  of  organisms 
with  which  this  organism  normally  ex- 
changes genetic  Information  and  what 
sort  of  information  is  exchanged:  any 
relevant  information  on  Its  pathogeni- 
city or  toxicity,  (Ii)  A description  of 
the  history  of  the  particular  strains 
and  vectors  to  be  used.  Including  data 
on  any  mutations  which  render  this 
organism  less  able  to  survive  or  trans- 
mit genetic  Information,  (ill)  A general 
description  of  the  range  of  experi- 
ments contemplated,  with  emphasis  on 


the  need  for  developing  such  an  HVl 
system. 

I- D-2-b-<2>.  HVZ  Systems.  Investiga- 
tors planning  to  request  HV2  certifica- 
tion for  host-vector  systems  can  obtain 
instructions  from  ORDA  concerning 
data  to  be  submitted.  In  general,  the 
following  types  of  data  are  required: 
(i)  Description  of  construction  steps, 
with  indication  of  source,  properties, 
and  manner  of  introduction  of  genetic 
traits.  <li)  Quantitative  data  on  the 
stability  of  genetic  traits  that  contrib- 
ute to  the  containment  of  the  system, 
(iii)  Data  on  the  survival  of  the  host- 
vector  system  under  non-permissive 
laboratory  conditions  designed  to  rep- 
resent the  relevant  natural  environ- 
ment. (iv)  Data  on  transmissibility  of 
the  vector  and/or  a cloned  DNA  frag- 
ment under  both  permissive  and  non- 
permissive  conditions,  (v)  Data  on  all 
other  properties  of  the  system  which 
affect  containment  and  utility,  includ- 
ing Information  on  yields  of  phage  or 
plasmid  molecules,  ease  of  DNA  isola- 
tion. and  ea..e  of  transfection  or  trans- 
formation. (vi)  In  some  cases,  the  in- 
vestigator may  be  asked  to  submit 
data  on  survival  and  vector  transmissi- 
bility from  experiments  In  which  the 
host-vector  is  fed  to  laboratory  ani- 
mals <e.g..  rodents).  Such  in  mo  data 
may  be  required  to  confirm  the  valid- 
ity of  predicting  in  tiro  survival  on 
the  basis  of  in  vitro  experiments. 

Data  must  be  submitted  in  writing  to 
ORDA.  Ten  to  twelve  weeks  are  nor- 
mally required  for  review  and  circula- 
tion of  the  data  prior  to  the  meeting 
at  which  such  data  can  be  considered 
by  the  NIH  Recombinant  DNA  Adviso- 
ry Committee  (RAC).  Investigators  are 
encouraged  to  publish  their  data  on 
the  construction,  properties,  and  test- 
ing of  proposed  HV2  systems  prior  to 
consideration  of  the  system  by  the 
RAC  and  Its  subcommittee.  More  spe- 
cific instructions  concerning  the  type 
of  data  to  be  submitted  to  NIH  for 
proposed  EK2  systems  Involving  either 
plasmids  or  bacteriophage  0 in  E.  coti 
K-12  are  available  from  ORDA 

II- D-2-b-<3).  HVZ  Systems.  Putative 
HV3  systems  must,  as  the  first  step  in 
certification,  be  certified  as  HV2  sys- 
tems. Systems  which  meet  the  criteria 
given  above  under  II-D-l-(c)-l.  II-D- 
l-(c>-2.  and  II-D-l-<c>-3  will  then  be 
recommended  for  HV3  testing.  Tests 
to  evaluate  various  HV2  host-sector 
systems  for  HV3  certification  will  be 
performed  by  contractors  selected  by 
NIH.  These  contractors  will  repeat 
tests  performed  by  Individuals  propos- 
ing the  HV2  system  and.  in  addition, 
will  conduct  more  extensive  tests  on 
conditions  likely  to  be  encountered  in 
nature.  The  genotypic  and  phenotypic 
traits  of  HV2  systems  will  be  evaluat- 
ed. Tests  on  survival  and  transmissibil- 
ity in  and  on  animals,  including  pri- 
mates. will  be  performed,  as  well  as 


tests  on  survival  in  certain  specified 
natural  environmnets. 

II- D-3.  Distribution  of  Certified 
Host-Vectors.  Certified  HY2  and  HV3 
host-vector  systems  (plus  appropriate 
control  strains)  must  be  obtained  from 
the  NIH  or  its  designees,  one  of  whom 
will  be  the  investigator  who  developed 
the  system.  NIH  shall  announce  the 
availability  of  the  system  by  publica- 
tion of  notices  in  appropriate  journals. 

Plasmid  vectors  will  be  provided  in  a 
suitable  host  strain,  and  phage  vectors 
will  be  distributed  as  small-volume  ly- 
sates. If  NIH  propagates  any  of  the 
host  strains  or  phage,  a sample  will  be 
sent  to  the  Investigator  who  developed 
the  system  or  to  an  appropriate  con- 
tractor. prior  to  distribution,  for  verifi- 
cation that  the  material  is  free  from 
contamination  and  unchanged  in 
phenotypic  properties. 

In  distributing  the  certified  HV2  and 
HV3  host-vector  systems.  NIH  or  its 
designee  will  (i)  send  out  a complete 
description  of  the  system;  (ii)  enumer- 
ate and  describe  the  tests  to  be  per- 
formed by  the  user  in  order  to  verify 
important  phenotypic  traits:  (iii) 

remind  the  user  that  any  modification 
of  the  system  necessitates  independ- 
ent approval  of  the  system  by  the  NIH 
on  recommendation  of  the  RAC;  and 
<lv)  remind  the  user  of  responsibility 
for  notifying  ORDA  of  any  discrepan- 
cies with  the  reported  properties  or 
any  problems  in  the  safe  use  of  the 
system. 

NIH  may  also  distribute  certified 
HVl  host-vector  systems. 

III.  Containment  Guidelines  for 
Covered  Experiments 

Part  III  discusses  experiments  cov- 
ered by  the  guidelines.  The  reader 
must  first  consult  part  I.  where  list- 
ings are  given  of  prohibited  and 
exempt  experiments. 

Containment  guidelines  for  permissi- 
ble experiments  are  given  in  part  III. 
Changes  in  these  levels  for  specific  ex- 
periments (or  the  assignment  of  levels 
to  experiments  not  explicitly  consid- 
ered here)  may  be  expressly  approved 
by  the  Director.  NIH.  on  the  recomme- 
datlon  of  the  Recombinant  DNA  Advi- 
sory Committee  (RAC). 

III- A.  Classification  of  Experiments 
Using  the  E.  coti  K-12  Host-Vector  Sys- 
tems. Most  recombinant  DNA  experi- 
ments currently  being  done  employ  E. 
coti  K-12  host-vector  systems.  These 
are  the  systems  lor  which  we  have  the 
most  experience  and  knowledge  (i)  re- 
garding the  effectiveness  of  biological 
containment  provided  by  existing 
hosts  and  vectors,  and  (ii)  necessary 
for  the  construction  of  more  effective 
biological  barriers.  We  therefore  con- 
sider DNA  recombinants  in  E.  coti  K- 
12  before  proceeding  to  other  host- 
vector  systems.  The  levels  of  biological 
containment  for  E.  coti  K-12  systems 
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are  designated  EK1,  EK2,  and  EK3  in 
ascending  order. 

It  has  been  necessary,  throughout 
this  section,  to  use  words  and  phrases 
such  as  “purified”  or  “rigorously  char- 
acterized." In  the  text  such  terms  are 
marlced  with  footnote  reference  num- 
bers. These  footnotes  (part  V)  define 
more  fully  what  these  terms  denote. 

In  the  following  classification  of  con- 
tainment criteria  for  different  kinds  of 
recombinant  DNA’s,  the  stated  levels 
of  physical  and  biological  containment 
are  minimal  for  the  experiments  desig- 
nated. The  use  of  higher  levels  of  bio- 
logical containment  (EK3  > EK2  > 
EK1)  is  encouraged  if  they  are  availa- 
ble and  equally  appropriate  for  the 
purposes  of  the  experiment. 

m-A-1.  Shotgun  Experiments. 
These  experiments  involve  the  produc- 
tion of  recombinant  DNA’s  between 
the  vector  and  portions  of  the  speci- 
fied cellular  source,  preferably  a par- 
tially purified  fraction.  Care  should  be 
taken  either  to  preclude  or  eliminate 
contaminating  microogranisms  before 
isolating  the  DNA. 

ni-A-l-a  Eukaryotic  DNA  Recom- 
binants. 

m-A-a-<l).  Primates.  P2  physical 
containment  + and  EK2  host-vector. 
Any  lowering  of  containment  below 
these  levels  CLe.,  for  purified  DNA  or 
characterized  clones)  cannot  be  made 
solely  by  an  institutional  biosafety 
committee  but  requires  NTH  approval. 

H3-A-l-a-(2).  Other  Mammals.  P2 
physical  containment  + an  EK2  host- 
vector. 

IH-A-l-a-(3).  Birds.  P2  physical 
containment  + an  EK2  host-vector. 

m-A-l-*-(4).  Cold-Blooded  Verte- 
brates. P2  physical  containment  - an 
EK1  host-vector  or  PI  + EK2.  If  the 
eukaryote  is  known  to  produce  a 
potent  polypeptide  toxin,  [ 34]  the  con- 
tainment shall  be  increased  to  P3  + 
EK2. 

m-A-l-a-<5).  Other  Cold-Blooded 
Animals  and  Lover  Eukaryotes.  This 
large  class  of  eukaryotes  is  divided 
into  two  groups: 

IH-A-l-a-<5Ma).  Species  that  are 
known  to  produce  a potent  polypep- 
tide toxinf  34)  that  acts  in  vertebrates, 
or  are  known  pathogens  listed  in  Class 
2,(1)  or  are  known  to  carry  such  path- 
ogens must  use  P3  physical  contain- 
ment - an  EK2  host-vector.  When  the 
potent  toxin  is  not  a polypeptide  and 
is  likely  not  to  be  the  product  of  close- 
ly linked  eukaryote  genes,  contain- 
ment may  be  reduced  to  P3  + EK1  or 
P2  + EK2.  Species  that  produce 
potent  toxins  that  affect  invertebrates 
of  plants  but  not  vertebrates  require 
P2  + EK2  or  P3  + EX1.  Any  species 
that  has  a demonstrated  capacity  for 
carrying  particular  pathogenic  micro- 
organisms is  included  in  this  group, 
unless  the  organisms  used  as  the 
source  of  DNA  have  been  shown  not  to 
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contain  those  agents,  in  which  case 
they  may  be  placed  in  the  following 
group. 

m-A-l-a-(5Mb).  The  remainder  of 
the  species  in  this  class  including 
plant  pathogenic  or  symbiotic  fungi 
that  do  not  produce  potent  toxins:  P2 
+ EK1  or  PI  + EK2.  However,  any 
insect  in  this  group  must  be  either  (i) 
grown  under  laboratory  conditions  for 
at  least  10  generations  prior  to  its  use 
as  a source  of  DNA,  or  (11)  if  caught  in 
the  wild,  must  be  shown  to  be  free  of 
dissease-ca  using  microorganisms  or 
must  belog  to  a species  that  does  not 
carry  microorganisms  causing  disease 
in  vertebrates  or  plants.  If  these  condi- 
tions cannot  be  met,  experiments  must 
be  done  under  P3  + EK1  or  P2  + EK2 
containment. 

m-A-l-a-(0).  Plants.  P2  physical 
containment  + an  EK1  host- vector  or 
PI  + EK2.  If  the  plant  source  makes  a 
potent  polypeptide  toxin, (14)  the  con- 
tainment must  be  raised  to  P3  physi- 
cal containment  + an  FK2  host- 
vector.  When  the  potent  toxin  is  not  a 
polypeptide  and  is  likely  not  to  be  the 
product  of  closely  linked  plant  genes, 
containment  may  be  reduced  to  P3  + 
EK1  or  P2  + EK2. 

m-A-l-b.  Prokaryotic  DNA  Recom- 
binants. 

III-A-l-b-(l).  Prokaryotes  That  Ex- 
change Genetic  Information's ) with 
E.  Colt  It  is  expected  that  many  of 
the  prokaryotes  that  exchange  genetic 
information  with  E.  coli  by  known 
physiological  processes  will  be  exempt- 
ed from  these  Guidelines  by  appearing 
on  the  ‘list  of  exchangers’  (see  Section 
I-E-4). 

For  those  not  o®  the  list,  the  con- 
tainment levels  are  PI  physical  con- 
tainment + an  EK1  host-vector.  In 
fact,  experiments  in  this  category  may 
be  performed  with  any  E.  coli  K-12 
vector  (e.g.,  coojugtive  plasmids).  How- 
ever, for  prokaryotes  that  are  classi- 
fied! I ) as  Class  2 the  containment 
levels  are  P2  + EK1. 

III-A-l-b-(2).  Prokaryotes  That  Do 
Not  Exchange  Genetic  Information 
With  E.  Colt  P2  physical  containment 
+ an  EK1  ho6t-vector,  or  PI  + EK2, 
except  for  DNA  from  Class  2 
agents/ 1)  which  require  P3  + EK2. 

EU-A-2.  Plasmids,  Bacteriophages, 
and  Other  Viruses.  Recombinants 
formed  between  a vector  and  some 
other  plasmid  or  virus  DNA  have  in 
common  the  potential  for  acting  as 
double  vectors  because  of  the  replica- 
tion functions  in  these  DNA’s.  The 
containment  conditions  given  below 
apply  only  to  propagation  of  the  DNA 
recombinants  in  E.  coli  K-12  hosts. 
They  do  not  apply  to  other  hosts  in 
which  the  recombinants  may  be  able 
to  replicate  as  a result  of  functions 
provided  by  the  DNA  inserted  into  the 
EK  vectors.  These  are  considered 
under  other  host-vector  systems. 
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m-A— 2— a.  Viruses  of  Eukaryotes. 
(summary  given  in  Table  III). 
m-A-2-a-G).  DNA  Viruses. 
IH-A-2-a-GMa).  Nontransforming 
viruses. 

m-A-2-a-(l)-<aMf).  Adeno-Associ- 
ated  Viruses,  Minute  Virus  of  Mice, 
Mouse  Adenovirus  ( strain  PL),  and 
Plant  Viruses.  PI  physical  contain- 
ment + and  EK1  host-vector  shall  be 
used  for  DNA  recombinants  produced 
with  (i)  the  whole  viral  genome,  (il) 
subgenomlc  DNA  segments,  or  (ill)  pu- 
rified cDNA  copies  of  viral  mRNA/ 3 7). 
m-A-2-a-(lMaM2).  Hepatitis  B. 
m-A-2-MlHs)-(2Wa).  PI  physical 
containment  + an  EK1  host-vector 
shall  be  used  for  purified  subgenomlc 
DNA  segments. 

m-A-2-a-<  IMaMfMi).  P2  physical 
containment  + an  EK 2 host-vector  or 
P3  + EK1  shall  be  used  for  DNA  for 
recombinants  produced  with  the 
whole  viral  genome. 

m-A-2-a-(lMaM2Mc).  P2  physical 
containment  + an  EK1,  shall  be  used 
for  DNA  recombinants  derived  from 
purified  cDNA  copies  of  viral  mRNA. 

III-A-2-a-(  lWaMl).  Other  Non 
transforming  Members  of  Presently 
Classified  Viral  Families.i36) 
IH-A-2-a-<lMaM3Ma).  PI  physical 
containment  + an  EK1  host-vector 
shall  be  used  for  (i)  DNA  recombin- 
ants produces  with  purified  subgeno- 
mic  DNA  segments  or  (ii)  purified 
cDNA  copies  of  viral  mRNA. (3  7) 
m-A-2-a-(lMaM3M6).  PI  physical 
containment  + an  EK1  host  and  a 
vector  certified  for  use  in  an  EK2 
8 y stem  shall  be  used  for  DNA  recom- 
binants produced  with  the  whole  viral 
genome. 

HI-A-2-a-(  1 Mb).  Transforming  Vir- 
uses. 

Ed -A- 2-a-<  1Mb  MI).  Herpes  Ssi- 
mirt  Herpes  A teles,  and  Epstein  Barr 
Virus.139 ) 

m-A-2-a-UMbMIMo).  PI  physical 
containment  + an  EK1  host-vectqr 
shall  be  used  for  DNA  recombinants 
produced  with  purified  nontrans- 
forming subgenamic  DNA  seg- 
ments/ 38) 

m-A-2-KlMb MIM6).  P2  physical 
containment  + an  EK1  host  and  a 
vector  certified  for  use  in  an  EK2 
system  or  P3  + EK1  shall  be  used  for 
(i)  DNA  recombinants  produced  with 
purified  subgenamic  DNA  segments 
containing  an  entire  transforming 
gene  or  (ii)  purified  cDNA  copies  of 
viral  mRNA/  37) 

m-A-2-KlMbMlMc).  P3  physical 
containment  + an  EK1  host-vector  or 
P2  + EK2  shall  be  used  for  DNA  re- 
combinants produced  with  the  whole 
viral  genome. 

IH-A-2-a-(lMBM3).  Other  Trans- 
forming Members  of  Presently  Classi- 
fied Viral  FamUies.(36) 
m-A-2-a-UMbM2Ma).  PI  physical 
containment  + an  EK1  host-vector 
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shill  be  used  for  DNA  recombinants 
produced  with  purified  nontrans- 
forming subgenamic  DNA  seg- 
ments/ 38) 

III-A-2-a-(lMb M2Mt».  P2  physical 
containment  + an  EK1  host  and  a 
vector  certified  for  use  in  an  EK2 
system  or  P3  + EK1  shall  be  used  for 
(1)  DNA  recombinants  produced  with 
the  whole  viral  genome.  (11)  purified 
subgenamic  DNA  segments  containing 
an  entire  transforming  gene,  or  (ill) 
purified  cDNA  copies  of  viral 
mRNA/ 37) 

III-A-2-a-<2).  DNA  Transcripts  of 
RNA  Viruses. 

III-A-2-a-(2Wa).  Retroviruses. 

III-A-2-a-<2MaMi>.  Gibbcn  Ape. 
Woolly  Monkey.  Feline  Leukemia  and 
Feline  Sarcoma  Vi ruses.139) 

III-A-2-a-<2)-a-(f Mo).  PI  physical 
containment  + an  EK1  host-vector 
shall  be  used  for  DNA  recombinants 
produced  with  purified  nontrans- 
forming subgenamic  DNA  seg- 
ments/ 38) 


III-A-2-a-(2MJM6).  P2  physical 
containment  + an  EK1  host  and  a 
vector  certified  for  use  in  an  EK2 
system,  or  P3  + EK1.  shall  be  used  for 
DNA  recombinants  produced  with  pu- 
rified subgenamic  DNA  segments!  38) 
containing  an  entire  transforming 
gene. 

III-A-2-a-<2Mf  Me).  P2  physical 
containment  + an  EK2  host-vector  or 
P3  + EK1  shall  be  used  for  DNA  re- 
combinants produced  with  (0  the 
whole  viral  genome  or  (ii)  purified 
cDNA  copies  of  viral  mRNA/ 37) 
III-A-2-a-(2MaM2)  Other  Members 
of  the  Family  Retroviridiae.t  36) 
IlI-A-2-a-(2MaM2Ma).  PI  physical 
containment  + an  EK1  host- vector 
shall  be  used  for  DNA  recombinants 
produced  with  purified  nontrans- 
forming subgenamic  DNA  seg- 
ments/ 38) 

III-A-2-a-(2MaM2Mt».  P2  physical 
containment  + an  EK1  host  and  a 
vector  certified  for  use  in  an  EK2 
system  or  P3  EK1  shall  be  used  for 
DNA  recombinants  produced  with  <i) 
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purified  subgenamic  DNA  segments 
containing  an  entire  transforming 
gene,  (ii)  the  whole  viral  genome,  or 
(iii)  purified  cDNA  copies  of  viral 
mRNA/JT) 

III-A-2-a-(2)-(b).  Negative  Strand 
RNA  Viruses.  PI  physical  containment 
+ an  EK1  host-vector  shall  be  used  for 
DNA  recombinants  produced  with  (i) 
cDNA  copies  of  the  whole  genome.  (U) 
subgenomic  cDNA  segments,  or  (iii) 
purified  cDNA  copies  of  viral 
mRNA/37) 

IlI-A-2-a-<2Mc).  Plus-Strand  RNA 
Viruses. 

UI-A-2-a-(2McMf ).  Types  1 and  2 
Sabin  Poliovirus  Vaccine  Strains  and 
Strain  17D  ( Theiler ) of  Yellow  Fever 
Virus.  PI  physical  containment  + and 
EK1  host-vector  shall  be  used  for  DNA 
recombinants  produced  with  (i)  cDNA 
copies  of  the  a hole  viral  genome,  (ii) 
subgenomic  cDNA  segments,  or  (iii) 
purified  cDNA  copies  of  viral 
mRNA/37) 

III-A-2-a-<2McM2).  Other  pius- 
Strand  RNA  Viruses  Belonging  to  Pres- 
ently Classified  Viral  Fgmilies.136) 
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Table  III 

Reocrmended  Containment  for  Cloning  of  Viral  Dtft  or  cDtR  in  E.  col i K-12  Host-Vector  Systems 
(See  text  for  full  details) 


Type  of  viral  ENA  secynent  to  be  cloned 


Virus  class 

Si±>genanic[38] 

Gencmic 

cOtR  from 
viral  mRNA[371 

ton  transforming 
segment 

Segment  contain- 
ing an  entire 
transforming  qene 

Non-segrrented 

genome 

Segmented 

gencme 

cm 

Nontransforming  viruses 

AAV,  MW,  Mouse  Adeno  (Strain  FL) 

PI  + EKl 

PI  + EKl 

Pi  + EKl 

Plant  Viruses 

PI  + EKl 

PI  + EKl 

Pi  + EKl 

Hepatitis  B 

PI  + EKl 

P2  + EK2 

P2  ♦ EK1CV(401 

or  P3  + EX1 

or  P3  + EKl 

Other 

PI  + EKl 

Pi  + EK1CV140) 

PI  + EKl 

Transforming  Viruses 

Herpes  Saimiri,  H.  Ateles  and 

PI  + EX1 

P2  + EK1CV[40) 

P2  + EK2 

P2  + EK1CV(40) 

EBV[39] 

or  P3  + EK1 

or  P3  + EKl 

or  P3  + EKl 

Other 

PI  + EX1 

P2  + EK1CV[40) 

P2  + EK1CV[40] 

P2  + EK1CV(40] 

or  P3  + EK1 

or  P3  + EKl 

or  P3  + EKl 

vm 

Retrcvi ruses 

Gibbon  Ape,  Woolly  Monkey 

PI  + EX1 

P2  + EK1CV[40J 

P2  + EK2 

P2  + EK2 

FeLV  and  FeSV[39) 

or  P3  + EX1 

or  P3  + EKl 

or  P3  «-  EKl 

Other 

PI  + EKl 

P2  + EKJ.CV  [40] 

P2  + EK1CV[40] 

P2  + EK1CV140) 

or  P3  + EKl 

or  P3  + EKl 

or  P3  + EKl 

•raoie  ill 

Recommended  Containment  for  Cloning  of  Viral  OR  or  cWR  in  E.  coli  K-12  Host-Vector  Systems 
(See  text  for  full  details) 


Type  of  viral  DNA  segment  to  be  cloned 


Virus  class 

Subgencmic[38] 

Genomic 

cDtR  from 
viral  imRNA[37] 

Iton  transforming 
segment 

Segment  contain- 
ing an  entire 
transforming  gene 

Nonsegment  el 
. genome 

Segmented 

genome 

Negative  Strand  RFR 

PI  + EKl 

PI  + EKl 

PI  + EXl 

PI  + EKl 

Plus  Strand  RtR 

Types  1 and  2 Saoin  Polio,  17D 
Yellow  Fever  Vaccine  Strains 

PI  + EKl 

PI  + EKl 

PI  + EKl 

Other 

PI  + EKl 

P2  + EK1CV140] 
or  P3  + EKl 

P2  ♦ EK1CV(40] 
or  P3  + EKl 

Do  role  Stranded  RNA 

PI  + EKl 

PI  + EKl 

Pi  ♦ EKl 

Plant  Viruses  ♦ Viroids 

PI  + EKl 

PI  + EKl 

PI  +■  EKl 

PI  + EKl 

Intracellular  Viral  DNA 

See  text 

See  text 

See  text 
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IU-A-:-^aMeM2Ma).  PI  physical 
containment  + an  EK1  host- vector 

shall  be  used  tar  DMA  recombinants 

produced  with  purified  subgenomic 

^ ICfflPiOU.(  Ji ) 

pa  physical 

contain  meat  + mi  EK1  host  and  a 
vector  certified  tor  use  In  an  EK2 
system  of  P3  + EK1  shall  be  used  for 
DNA  recombinants  produced  with  tti 
cDHA  copies  of  the  whole  genome.  or 
(11)  purified  cDBA  copies  of  viral 
mRNA-(JT) 

III-A-2-a-dMdl.  Dou  ble-Stra  nded 

Segmented  RNA  Virtue*.  Pt  physical 

Tilnsp  lit  + an  EK1  host- vector 

shall  be  used  for  DNA  recombinants 
produced  with  (1)  mixtures  ctf  subgewo- 
mlc  cDNA  segments.  (11)  a specific  sub- 
g monte  cDNA  segment,  or  (111)  puri- 
fied cDNA  cuptos  of  viral  mRNA.  (17) 

m-ArJ+UMd.  RNA  Plant  Viruses 
and  Plant  VI rolls.  Pi  physical  con- 
tainment + an  SKI  host- vector  shall 
be  used  for  DNA  recombinants  pro- 
duced with  (I)  eDNA  copies  of  the 
admit  Nrxi  Rename.  (11)  aubgenoode 
cDNA  segments,  or  (111)  purified  cDIVA 
copies  of  viral  mRNA.(  J7) 

ITT-A-J-a-CX).  Intracellular  Vital 
DNA.  Physical  and  biological  contain- 
ment specified  tor  shotgun  experi- 
ments with  eukaryotic  cellular  DNA 
[see  section  IIJ-A-UMa)!  shall  be 
used  tor  DNA  recombinants  produced 
with  Integrated  Aral  DNA  at  viral  gen- 
omes present  In  infected  cells. 

LU — A-2-b.  fXJcaryottc  Organelle 
DNA'*.  pa  phyMssl  containment  + an 
EK1  host-vector,  or  PI  + EK2.  for  mi- 
tochondrial or  chloroplast  DNA  from 
eukaryotes  when  the  organelle  DNA 
has  been  obtained  from  Isolated  organ- 
elles. Otherwise,  the  conditions  given 
for  shotgun  expertmeufts  apply. 

m-A-2-c.  Prokaryotic  Plarmld  and 
Phage  DNA  'a  The  containment  levels 
required  for  shotgun  experiments  with 
DNA  from  prokaryotes  apply  to  their 
plasmids  or  phagea. 

III-A-3  Lowering  d Comlainmewt 
Level * for  Characterized  or  Purified 
DNA  Preparation*  and  Clone*.  Many 
of  the  risks  which  might  conceivably 
arise  from  some  types  of  recombinant 
DNA  experiments,  particularly  shot- 
gun experiments,  would  result  from 
the  lnadvertewt  cloning  of  a harmful 
sequence.  Therefore.  In  cases  where 
the  risk  of  Inadvertently  cloning  the 
"wrong"  DNA  is  reduced  by  prior  en- 
richment for  the  desired  piece,  or  In 
which  a done,  made  from  a random 
assortment  of  DNA's,  has  been  puri- 
fied and  the  absence  of  harmful  se- 
quences established,  the  containment 
conditions  for  further  work  may  be  re- 
duced. The  following  section  oatlines 
the  mechanisms  for  such  reducttons. 

III-A-3-a.  Purified  DNA  Other  than 
Plasmid*.  Bacteriophage*,  and  Other 
Viruses  The  formation  of  DNA  recom- 
binants from  cellular  DNA's  that  have 


been  purified  (41)  and  which  are  free 
of  harmful  genes(J)  can  be  carried  out 
under  tower  containment  conditions 
than  used  for  the  corresponding  shot- 
gun experiment.  (42)  The  containment 
may  be  decreased  one  step  In  physical 
containment  ( P4  P3  -*  P2  -»  PI) 
while  maintaining  the  biological  con- 
tainment specified  for  die  shotgun  ex- 
periment or  woe  step  In  biological  con- 
tainment EK3  — EK2  — EK1)  while 
maintaining  the  specified  physical 
containment.  The  Instftutlonal  biosa- 
fety committee  (IBC)  must  review  and 
may  approve  such  a reduction.  The 
IBC  must  notify  the  NIH  Office  of  Re- 
combinant DNA  Activities  (ORDA)  In 
writing  of  all  such  actions.  IBC  ap- 
proval is  sufficient  for  such  a reduc- 
tion except  for  (1)  primate  DNA  which 
also  requires  prior  NIH  approval  [see 
section  IIl-A-l-a-<l)]  or  (11)  any  lower- 
ing at  containment  under  section  III- 
A-3-a  to  levels  below  P1  + EK1.  which 
also  requires  prior  NIH  approval. 

IITA-3-b  Characterized  Clone*  of 
DNA  RecauntinunU.  When  a cloned 
DNA  recombinant  has  been  rigorously 
characterized  and  there  is  sufficient 
evidence  that  R is  free  of  harmful 
genes.  (J)  experiments  Involving  this 
recombinant  DNA  may  be  carried  out 
under  lower  containment  conditions, 
as  described  below. 

III-A-i-b-(  1 ).  Institutional  biosafety 
committees  (IBCi)  map  give  approval 
for  a single-step  reduction  In  physical 
or  biological  containment  on  receipt  of 
evidence  of  characterization  of  a clone 
derived  from  a shotgun  experiment 
and  Its  probable  freedom  from  harm- 
ful genes.  The  IBC  must  notify  ORDA 
In  writing  of  all  such  actions.  IBC  ap- 
proval is  sufficient  for  such  a reduc- 
tion excer*  lor  (T)  primate  DNA.  which 
requires  prior  NTH  approval  tsee  sec- 
tion LIl  A-l-v-(  1H.  or  (tl)  any  lowering 
of  containment  under  section  TTT-A-3- 
b to  levels  below  P1  + E3C1.  which  also 
requires  prior  NIH  approval. 

in-A  » b-(lt  Reduction  of  contain- 
ment levels  by  more  than  one  step  or 
cases  Involving  primate  DNA.  or  cases 
involving  lowering  of  containment 
under  section  III-A-3-b  to  levels  below 
Pl  + EKl.  will  require  prior  approval 
by  NIH. 

IH  B Experiments  with  Other  Pro - 
kan/otic  Hoit-Vector*. 

m-B-1.  HVl  system*.  Host-vector 
systems  which  have  been  approved  as 
HVl  systems  may  be  used  under  P2 
containment  conditions  for  shotgun 
experiments  with  phages,  plasmids, 
and  DNA  from  nonpathogenic  prokar- 
yotes which  do  not  produce  polypep- 
tide toxlns.(Ji) 

Other  classes  of  recombinant  DNA 
experiments  with  these  HVl  systems 
will  require  prior  approval  and  classifi- 
cation by  NIH.  Experiments  with 
DNA's  from  eukaryotes  (and  their 
plasmids  or  viruses)  will  generally 


follow  the  criteria  for  the  correspond- 
ing experiments  with  E.  coli  K-12 
host  vectors  tf  the  major  habitats  of 
the  given  host-vector  overlap  those  of 
£1  calx.  The  habitats  of  other  host- 
vector  systems  should  also  be  consid- 
ered In  relation  to  containment. 

III-B-2.  Return  of  DNA  Segment*  to 
Non-HVl  Host  of  Origin.  Many  of  the 
prokaryotes  that  exchange  genetic  In- 
formation with  E.  coli  by  known  phys- 
iological processes  are  expected  to  be 
exempt  from  these  Ouidelines  by  ap- 
pearing on  the  "list  of  exchangers" 
(see  Section  I-E-4).  For  a prokaryote 
which  can  exchange  genetic  Informa- 
tion (J5)  with  E.  coli  under  laboratory 
conditions  but  whiefc  1b  not  on  the  list 
(Host  A),  the  following  type  of  experi- 
ment may  be  carried  out  under  PI  con- 
ditions without  Host  A having  been 
approved  as  an  HVl  host:  DNA  from 
Host  A may  be  Inserted  Into  a vector 
and  propagated  In  E.  coli  K-12  under 
PI  conditions.  Subsequently,  this  re- 
combinant DNA  may  be  returned  to 
Host  A by  mobilization,  transforma- 
tion. or  transduction  and  may  then  be 
propagated  In  Host  A In  any  desired 
vector  under  PI  conditions. 

For  a prokaryote  which  does  not  ex- 
change genetic  Information  wfth  E. 
coli  (Host  B).  the  following  type  of  ex- 
periment may  be  carried  out  without 
Host  B having  been  approved  as  an 
HVl  host:  DNA  from  Hoot  B may  be 
Inserted  Into  a vector  from  a certified 
EK2  host-vector  system  and  propagat- 
ed In  E.  coli  K-12  under  the  appropri- 
ate containment  conditions  tsee  sec- 
tion IIl-A-l-b-<2)].  Subsequently,  this 
recombinant  DNA  may  be  returned  to 
Host  B and  propagated  In  Host  B 
under  PI  oondltlons.(gj) 

III-C.  Experiments  with  Eukaryotic 
Host-  Vector*. 

III-C-1.  Vertebrate  Host-Vector  Sys- 
tem*. 144)  (Summary  Given  In  Table 
IV  i 

ni-C-l-a.  Polyoma  Virus. 

III-C- l-a-(l).  Productive  Virus-Cell 
Interaction*. 

HI-C-l-a-GMa).  Defective  or  Intact 
polyoma  virus  genomes,  with  appropri- 
ate helper.  If  necessary,  can  be  used  In 
P2  conditions  to  propagate  DNA  se- 
quences: 

III-C-l-a-GMaMI).  From  bacteria 
of  class  1 or  class  2(11  or  their  phages 
or  plasmids,  except  for  those  that  pro- 
duce potent  polypeptide  toxins;  134) 

III-C-l-a-UMaMZ).  Prom  mice; 

III-C-l-a-dMaMJ).  From  eukaryo- 
tic organisms  that  do  not  produce 
potent  polypeptide  toxins.  (34)  pro- 
vided the  DNA  segment  Is  > 99  per- 
cent pure. 

III-C-l-a-GMb).  Defective  polyoma 
genomes,  with  appropriate  helper.  If 
necessary,  can  be  used  In  P2  conditions 
for  shotgun  experiments  to  propagate 
DNA  sequences  from  eukaryotic  or- 
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ganisms  that  do  not  produce  potent 
polypeptide  toxins.!  54) 

m-C-l-a-<l)-(c>.  Intact  virus  gen- 
omes with  appropriate  helper.  If  neces- 
sary, can  be  used  In  P3  conditions  for 
shotgun  experiments  to  propagate 
DNA  sequences  from  eukaryotic  or- 
ganisms that  do  not  produce  potent 
polypeptide  toxins.!  34) 

m-C-l-a-dWd).  Experiments  in- 
volving the  use  of  defective  polyoma 
virus  genomes  to  propagate  DNA  se- 
quences from  eukaryotic  viruses  will 
be  evaluated  by  NIH  on  a case-by-case 
basis  ! 45)  and  will  be  conducted  under 
the  recommended  physical  contain- 
ment conditions. 

III-C-l-a-<2).  Nonproductive  Virus- 
CeU.  Interactions.  Defective  or  intact 
polyoma  virus  genomes  can  be  used  as 
vectors  in  P2  conditions  to  transform 
nonpermlssive  cells  in  culture,  pro- 
vided the  inserted  DNA  sequences  are 
not  derived  from  eukaryotle  viruses.  In 
the  latter  case,  such  experiments  will 
be  evaluated  by  NIH  on  a case-by-case 
basis.!45) 

IH-C-l-b.  Simian  Virus  40. 

III-C-l-b-(l).  Productive  Viruses- 
CeU  Interactions. 

m-C-l-b-aWa).  SV40  DNA,  ren- 
dered unconditionally  defective  by  a 
deletion  in  an  essential  gene,  with  ap- 
propriate helper,  can  be  used  in  P2 
conditions  to  propagate  DNA  se- 
quences from: 

III-C-l-b-<l)-!a)-!I).  Bacteria  of 
Class  1 or  Class  2C1],  or  their  phages 
or  plasmids,  except  for  those  that  pro- 
duce potent  polypeptide  toxins;!  34) 

m-C-l-b-<lMaM2).  Uninfected  Af- 
rican green  monkey  kidney  cell  cul- 
tures. 

m-C-  l-b-<  1Mb).  SV40  DNA,  ren- 
dered unconditionally  defective  by  a 
deletion  in  an  essential  gene,  with  an 
appropriate  helper,  can  be  used  in  P3 
conditions  to  propagate  DNA  se- 
quences from  eukaryotic  organisms 
that  do  not  produce  potent  polypep- 
tide toxins!  34)  !shotgun  experiments 
or  purified  DNA). 

ni-C-l-b-ilWc).  Experiments  in- 
volving the  use  of  defective  SV40  gen- 
omes to  propagate  DNA  sequences 
from  eukaryotic  viruses  will  be  evalu- 
ated by  the  NIH  on  a case-by-case 
basis  (45)  and  will  be  conducted  under 
the  recommended  physical  contain- 
ment conditions. 

IH-C-l-b-!2).  Nonproductive  Virus- 
Cell  Interactions.  Defective  or  Intact 
SY40  genomes  can  be  used  as  vectors 
in  P2  conditions  to  transform  nonper- 
mlssive  cells  in  culture,  provided  the 
inserted  DNA  sequences  are  not  de- 
rived from  eukaryotic  viruses.  In  the 
latter  case,  such  experiments  will  be 
evaluated  by  NTH  on  a case-by-case 
basis.!45) 

III-C-I-c.  Human  Adeno-  viruses  2 
and  5. 


NOTICES 

m-C-l-c-<l).  Productive  Virus-Cell 
Interactions. 

III-C-l-c-ClMa).  Human  adenovir- 
uses 2 and  5,  rendered  unconditionally 
defective  by  deletion  of  at  least  two 
capsid  genes,  with  appropriate  helper, 
can  be  used  in  P3  conditions  to  propa- 
gate DNA  sequences  from: 
m-C-l-e-flMaWI).  Bacteria  of 
Class  1 or  Class  2[1J  or  their  phages  or 
plasmids  except  for  those  that  pro- 
duce potent  polypeptide  toxins;  (34) 
Hl-C-l-c-tlMaHl).  Eukaryotic  or- 
ganisms that  do  not  produce  potent 
polypeptide  toxins!  34)  ! shotgun  ex- 
periments or  purified  DNAX 
III-C-I-c-<  1Mb).  Experiments  In- 
volving the  me  of  unconditionally  de- 
fective human  adenovirus  2 and  5 gen- 
omes to  propagate  DNA  sequences 
from  eukaryotic  viruses  will  be  evalu- 
ated by  NIH  on  a case-by-case 
basis!  45)  and  will  be  conducted  under 
the  recommended  physical  contain- 
ment conditions. 

HI-C-l-o-(2X  Non-productive  virus - 
cell  interactions.  Defective  or  intact 
human  adenovirus  2 and  5 genomes 
can  be  used  as  vectors  in  P2  conditions 
to  transform  nonpermlssive  cells  in 
culture,  provided  the  inserted  DNA  se- 
quences are  not  derived  from  eukaryo- 
tic viruses.  In  the  latter  case,  such  ex- 
periments will  be  evaluated  by  NIH  on 
a case-by-case  basis.!  45) 

Hl-C-l-d.  Murine  Adenovirus  Strain 
FL. 

IH-C-l-d-!l).  Productive  Virus-Cell 
Interactions. 

m-C-l-d-dHa).  Unconditionally 
defective  murine  adenovirus  strain  FL 
genomes,  with  appropriate  helper,  can 
be  used  in  P2  conditions  to  propagate 
DNA  sequences  from: 
m-C-1-d-flMaMI).  Bacteria  of 
Class  1 or  Class  2 [1]  or  their  phages 
or  plasmids  except  for  those  that  pro- 
duce potent  polypeptide  toxins;!  34) 
III-C-l-d-!lMaM2).  Eukaryotic  or- 
ganisms that  do  not  produce  potent 
polypeptide  toxins!  34)  !shotgun  ex- 
periments or  purified  DNA), 
IH-C-l-d-dMb).  Experiments  in- 
volving the  use  of  intact  murine  aden- 
ovirus strain  FL  genomes  to  propagate 
DNA  sequences  from  prokaryotic  or 
eukaryotic  organisms  will  be  evaluated 
by  NIH  on  a case-by-case  basis!  45)  and 
will  be  conducted  under  the  recom- 
mended physical  containment  condi- 
tions. 

IU-C-l-d-!lMc).  Experiments  in- 
volving the  use  of  unconditionally  de- 
fective murine  adenovirus  strain  FL 
genomes  to  propagate  DNA  sequences 
from  eukaryotic  viruses  will  be  evalu- 
ated by  NIH  on  a case-by-case 
basis!45)  and  will  be  conducted  under 
the  recommended  physical  contain- 
ment conditions. 

HI-C-l-d-!2).  Non-Productive  Virus- 
Cell  Interactions.  Defective  or  intact 
murine  adenovirus  strain  FL  genomes 
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can  be  used  as  vectors  in  P2  conditions 
to  transform  nonpermlssive  cells  iw 
culture,  provided  the  inserted  DNA  se- 
quences are  not  derived  from  eukaryo- 
tic viruses.  In  the  latter  case,  such  es-l 
perimenta  will  be  evaluated  by  lflH  Oft 
a case-by-case  basis!  45). 

ni-C-l-e.  All  Other  Potential  Viral 
Vectors. 

IU-C-l-e-41).  Experiments  involving? 
recombinant  DNA  molecules  contain* 
ing  viral  DNA  segments  consisting  of 
25  percent  or  leas  of  the  virus  genome 
can  be  done: 

IH-C-l-edWa).  Ia  PI  condition* 
when  the  recombinant  DNA  is  to  bs 
Integrated  into  the  cell  genome  or  1* 
known  to  replicate  as  a plasmid  ha 
cells  in  culture,  provided  the  addition- 
al DNA  sequences  are  not  derived 
from  a eukaryotic  virus.  In  the  latter 
case,  such  experiments  will  be  evaluat- 
ed by  NIH  on  a case-by-case  basis;!  45  k 

IH-C-l-e— <lMb).  Under  physical 
containment  conditions  to  be  deter- 
mined by  NIH!  45)  when  a viral  helper, 
will  be  used  to  propagate  DNA  se- 
quences from  prokaryotic  or  eukaryo- 
tic organisms. 

III-C-l-e-<2).  Experiments  Involving 
the  use  of  other  intact  or  defective 
virus  genomes  to  propagate  DNA  se- 
quences from  prokaryotic  or  eukaryo- 
tic organisms  !and  viruses),  or  as  vec- 
tors to  transform  nonpermlssive  cells, 
will  be  evaluated  by  NIH  on  a case-by- 
case basts!  45)  and  will  be  conducted 
under  the  recommended  physical  con- 
tainment conditions. 

NIH  will  also  review  all  experiments 
Involving  the  use  of  virus  vectors  In 
animals  and  the  physical  containment 
conditions  appropriate  for  such  stud- 
ies. 

IH-C-2.  Invertebrate  Host-Vector 
Systems  in  Which  Insect  Viruses  Are 
Used  To  Propagate  Other  DNA  Seg- 
ments. As  soon  as  Information  be- 
comes available  on  the  host  range  re- 
strictions and  on  the  infectivity,  per- 
sistance,  and  integration  of  the  viral 
DNA  in  vertebrate  and  Invertebrate 
cells,  experiments  involving  the  use  of 
Insect  viruses  to  propagate  DNA  se- 
quences will  be  evaluated  by  NIH  on  a 
case-by-case  basis!  45)  and  will  be  con- 
ducted under  the  recommended  physi- 
cal containment  conditions.  Experi- 
ments should  be  done  in  established 
Invertebrate  cell  lines  and  should 
follow,  where  appropriate,  criteria  rec- 
ommended for  vertebrate  viral  DNA 
vectors  !see  Section  III-C-1). 

IH-C-3.  Plant  Viral  Host-Vector  Sys- 
tems. The  DNA  plan  viruses  which 
could  currently  serve  as  vectors  for 
cloning  genes  in  plants  and  plant  cell 
protoplasts  are  Cauliflower  Mosaic 
Virus  (CaMV)  and  its  close  relatives, 
which  have  relaxed  circular  double- 
stranded  DNA  genomes  with  a molecu- 
lar weight  of  4.5x10*  and  Bean 
Golden  Mosaic  Virus  IBGMV)  and  re- 
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lated  viruses  with  small  (<10‘  daltons) 
single-stranded  DNA  genomes.  These 
viruses  are  not  known  to  integrate  into 
host  chromosomes  or  to  incorporate 
cellular  genes  into  their  genomes. 
CaMV  is  spread  in  nature  by  aphids,  in 
which  it  survives  for  a few  hours. 
Spontaneous  mutants  of  CaMV  which 
lack  a factor  essential  for  aphid  trans- 
mission arise  frequently.  BGMV  is 
spread  in  nature  by  whiteflies.  and 
certain  other  single-stranded  DNA 
plant  viruses  are  transmitted  by  leaf- 
hoppers.  These  single-stranded  plant 
viruses  persist  for  days  or  weeks  in 
their  Insect  vectors,  but  are  thought 
not  to  replicate  there. 

The  DNA  plant  viruses  have  narrow 
host  ranges  and  are  relatively  difficult 
to  transmit  mechanically  to  plants. 
For  this  reason,  they  are  most  unlike- 
ly to  be  accidentally  transmitted  from 
spillage  of  purified  virus  preparations. 

When  these  viruses  are  used  as  vec- 
tors in  intact  plants,  or  propagative 


plant  parts,  the  plants  should  be 
grown  under  PI  conditions— that  is,  in 
either  a limited  access  greenhouse  or 
plant  growth  cabinet  which  is  insect- 
proof.  preferably  with  positive  air 
pressure,  and  in  which  an  insect  fumi- 
gation regime  is  maintained.  Soil, 
plant  pots,  and  unwanted  infected 
plant  materials  should  be  removed 
from  the  greenhouse  or  cabinet  in 
sealed  insect-proof  containers  and 
sterilized.  It  is  not  necessary  to  steril- 
ize run-off  water  from  the  infected 
plants,  as  this  is  not  a plausible  route 
for  secondary  infection.  When  the  vir- 
uses are  used  as  vectors  in  tissue  cul- 
tures or  in  small  plants  in  axenic  cul- 
tures. no  special  containment  is  recom- 
mended Infected  plant  materials 
which  have  to  be  removed  from  the 
greenhouse  or  cabinet  for  further  re- 
search. should  be  maintained  under 
insect-proof  conditions.  These  meas- 
ures provide  an  entirely  adequate 
degree  of  containment.  They  are  simi- 


lar to  those  required  in  many  coun- 
tries for  licensed  handling  a l exotic" 
plant  viruses. 

The  CaMV  strain  used  as  a elorUng 
vector  should  bo  a matant  that  lards 
the  aphid  ' nrnmnstro  f actor . 

The  viruses  or  thotr  DMA  may  aloe 
be  useful  as  vectors  to  uuroAsoe  genes 
into  plant  protoplasts.  The  fsagiMty  of 
plant  pro  top  lasts  oentbuted  with  the 

properties  of  the  viruooo  menuooed 
above  provide  adequate  safety.  Since 

no  nsk  le  the  environment  from  the 
use  of  the  DMA  plant  virus  protoplast 
system  is  envisaged,  no  special  con- 
tainment is  recommended,  except  as 
described  in  the  following  paragraph. 

Experiments  Involving  the  use  of 
plant  virus  genomes  Is  propagate  DMA 
sequences  from  eukaryotic  viruses  will 
be  evaluated  an  a caw-by-case 
basis(  4i)  and  will  hr  can  dusted  under 
the  recommended  eontauuneiM  condi- 
tions. 
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III  C-4.  Plant  Host-  Vector  Systems 
Other  than  Viruses.  Organelle,  plas- 
mid. and  chromosomal  DMA  s may  be 
used  as  vectors.  DNA  recombinants 
formed  between  such  vectors  and  host 
DNA.  when  propagated  only  In  that 
host  for  a closely  related  strain  of  the 
same  species),  are  exempt  from  these 
Guidelines  (see  section  1-E).  DNA  re- 
combinants formed  between  such  vec- 
tors and  DNA  from  cells  other  than 
the  host  species  require  P2  physical 
containment.  The  development  and 
use  of  host-vector  systems  that  exhibit 
a high  level  of  biological  containment, 
such  as  those  using  protoplasts  or  un- 
differentiated cells  in  culture,  permit  a 
decrease  in  the  physical  containment 
to  PI. 

Intact  plants  or  propagative  plant 
parts  which  because  of  their  large  size 
cannot  be  grown  in  a standard  P2  lab- 
oratory may  be  grown  under  the  PI 
conditions  described  above  in  section 
III-C-3  except  that  (1  > sterilization  of 
run-off  water  Is  required  where  this  Is 
a plausible  route  for  secondary  infec- 
tion and  <U)  the  standard  P2  practices 
are  adopted  for  microbiological  work. 

IH-C-5.  Fungal  or  Similar  Lower 
Eukaryotic  Host-Vector  Systems.  The 
containment  criteria  for  DNA  recom- 
binant experiments  using  these  host- 
vector*  most  closely  resemble  those 
for  prokaryotes,  rather  than  those  for 
the  preceding  eukaryotes,  since  the 
host  cells  usually  exhibit  a capacity 
for  dli -err.! nation  outside  the  labora- 
tory that  Is  similar  to  that  for  bacte- 
ria Therefore,  the  procedures  estab- 
lished for  certification  of  HV  systems 
other  than  F.  coli  K-12  (sec.  II-D-2) 
will  also  apply  to  these  fungal  or  simi- 
lar lower  eukaryotic  host-vector  sys- 
tems 

Once  an  HV1  system  Is  approved  by 
N1H.  it  may  be  used  under  P2  contain- 
ment for  sho’gun  experiments  with 
phag*s.  plasmids,  and  DNA  from  Class 
1 prokaryotes  1)  and  'ewer  eukaryote* 
that  do  not  produce  polypeptide 
toxins.(J4)  Other  classes  of  recombin- 
ant DNA  experiments  with  these  HV1 
systems  will  require  prior  approval 
and  classification  by  NTH.  Should  HV2 
or  HV3  systems  of  this  type  be  devel- 
oped and  approved  by  NIH.  guidelines 
for  their  use  In  other  types  of  recom- 
binant DNA  experiments  will  also  be 
established. 

In  addition  to  the  experiments  de- 
scribed above,  the  following  experi- 
ments maybe  carried  out  without  the 
eukaryotic  host  'Host  C>  hav'ng  been 
approved  as  an  HV1  host:  DNA  from 
Host  C may  be  Inserted  Into  a vector 
from  a certified  EX2  host-vector 
system  and  propagated  in  E.  coli  K-12 
under  the  appropriate  containment 
conditions  [see  Section  III-A-l-(a»- 
($>)  Subsequently,  this  recombinant 
DNA  may  be  returned  to  Host  C and 


propagated  there  under  PI  conditions. 
(43) 

ITI-D.  Complementary  DNA’s.  Spe- 
cific containment  levels  are  given  in 
Section  III-A-2-a  (see  also  last  column 
of  Table  m)  for  complementary  DNA 
(cDNA)  of  viral  mRNA.  For  the  other 
Sections  of  the  Guidelines,  where  ap- 
plicable. cDNA’s  synthesized  in  vitro 
are  included  within  each  of  the  above 
classifications.  For  example.  cDNA’s 
formed  from  cellular  RNA's  that  are 
not  purified  and  characterized  are  in- 
cluded under  III-A-1.  shotgun  experi- 
ments; cDNA's  formed  from  purified 
and  characterized  RNA’s  are  included 
under  III-A-3;  etc. 

Due  to  the  possibility  of  nucleic  add 
contamination  of  enzyme  preparations 
used  in  the  preparation  of  cDNA’s.  the 
investigator  must  employ  purified 
enzyme  preparations  that  are  free  of 
viral  nucleic  add. 

III-E  Synthetic  DSA 's  If  the  syn- 
thetic DNA  segment  could  yield  a po- 
tentially harmful  polynucleotide  or 
polypept.de  (e.g  . a toxin  or  a pharma- 
cologically active  agent),  the  contain- 
ment conditions  must  be  as  stringent 
as  would  be  used  for  propagating  the 
natural  DNA  counterpart. 

If  the  synthetic  DNA  sequence  codes 
for  a harmless  product,  it  may  be 
propagated  at  the  same  containment 
level  as  Its  purified  natural  DNA  coun- 
terpart. For  example,  a synthetic  DMA 
segment,  to  be  propagated  in  E coli 
K-12.  which  corresponds  to  a non- 
harmful gene  of  birds,  would  require 
P2  physical  containment  plus  an  EK1 
host-vector,  or  PI  ♦ EX2. 

If  the  synthetic  DNA  segment  is  not 
expressed  is  rtro  as  a polynucleotide 
or  polypeptide  product,  the  organisms 
containing  the  recombinant  DNA  mol- 
ecules are  exempt'/)  from  the  Guide- 
line*. 

IV.  Roles  axd  Rzsrowsiaiunzs 

8afety  Involving  recombinant  DNA 
molecules  depends  primarily  on  the  in- 
dividuals conducting  the  research  ac- 
tivities The  guidelines  cannot  antici- 
pate every  possible  situation.  Motiva- 
tion and  good  judgment  are  the  keys 
to  protection  of  health  and  the  envi- 
ronment. 

The  guidelines  are  designed  to  help 
the  principal  Investigator  determine 
the  safeguards  that  should  be  imple- 
mented. They  wGl  never  be  complete 
and  final,  since  all  conceivable  experl- 
menu  Involving  recombinant  DNA 
cannot  be  foreseen.  Therefore,  it  is  the 
principal  Investigator’s  responsibility 
to  Insure  that  the  purpose  of  the 
guidelines  is  fulfilled. 

The  institution,  and  the  Institution- 
al Biosafety  Committee  (IBC)  acting 
on  it*  behalf,  are  given  responsibility 
for  seeing  that  recombinant  DNA  ac- 
tivities comp' y with  the  guidelines. 
This  delegation  of  authority  will  serve 


the  scientific  process  and  at  the  same 
time  properly  focus  accountability  for 
safe  conduct  of  the  research. 

The  following  roles  and  responsibil- 
ities constitute  an  administrative 
framework  in  which  safety  is  an  essen- 
tial and  Integral  part  of  research  In- 
volving recombinant  DNA  molecules. 
Detailed  administrative  procedures  de- 
signed to  implement  this  framework 
are  provided  in  Appendix  C.  Further 
clarifications  and  interpretations  of 
roles  and  responsibilities  will  be  issued 
by  NIH  as  necessary. 

IV- A.  Responsibilities  of  the  Institu- 
tion 

IV-A-1.  Institution.  The  institution 
bears  primary  responsibility  for  estab- 
lishing and  implementing  policies  for 
the  safe  conduct  of  researen  involving 
recombinant  DNA  molecules.  These 
shall  be  policies  that  assure  compli- 
ance with  the  NIH  Guidelines.  In  car- 
rying out  iu  responsibilities,  the  Insti- 
tution shall: 

IV-A-l-a.  establish  an  Institutional 
Biosafety  Committee  (IBC)  and  insure 
that  it  is  fulfilling  its  respond  bill  Lies: 

rV-A-l-b.  report  to  the  NIH  Office 
of  Recombinant  DNA  Activities 
(ORDA)  the  names  of  members  of  its 
IBC  and  relevant  information  on 
them; 

IV  A-l-c.  submit  to  NIH  for  regis- 
tration a Memorandum  of  Under- 
standing and  Agreement  (MUA)  or 
equ' valent  information  (in  the  case  of 
non  NIH  supported  recombinant  DNA 
projects),  approved  by  the  IBC.  for  all 
recombinant  DNA  research  at  an  insti- 
tution receiving  any  NIH  funds  for  re- 
combinant DNA  research  'see  section 
IV -C  and  Appendix  C for  NIH  policies 
on  MU  As  end  other  required  docu- 
mentation); 

IT-A-l-d.  Assume  responsibility  for 
insuring  compliance  of  recombinant 
DNA  projects  with  the  procedures  and 
standards  of  the  NIH  Guidelines.  If. 
upon  registration  and  review.  NIH 
(ORDA)  finds  that  IBC  approved  pro- 
tocols do  not  conform  with  standards 
set  forth  in  the  NIH  Guidelines.  the 
institution  will  be  notified  by  NIH  and 
shall  take  appropriate  action  to  bring 
the  protocols  into  compliance  <see  Ap- 
pendix C for  additional  Information). 
Further,  the  institution  shall  insure 
that  ail  principal  investigators,  irre- 
spective of  source  of  funding,  have 
agreed  to  carry  out  their  responsibil- 
ities under  the  Guidelines; 

IV-A-1 -e.  Determine,  in  connection 
with  each  project,  the  necessity  for 
medical  surveillance  of  recombinant 
DNA  research  personnel  before, 
during,  and  after  their  tavolvment  in 
this  research.  Where  possible,  each  in- 
stitution should  cooperate  with  the 
local  public  health  department.  An  in- 
stitution's medical  surveillance  pro- 
gram might  include,  for  example,  rec- 
ords of  agents  handled,  active  investi- 
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Ration  of  relevant  Illnesses  acquired  by 
recombinant  DNA  research  personnel, 
and  the  maintenance  of  serial  serum 
samples  (see  ^“Laboratory  Safety 
Monograph— A supplement  to  the 
{JTH  Guidelines  for  Recombinant  DNA 
Research’’  for  additional  information 
6n  medical  surveillance); 

XV-A-l-f.  Establish  rules  as  neces- 
sary to  implement  the  Guidelines. 

IV-A-2.  Institutional  Biosafety  Com- 
mittee. The  principal  functions  of  the 
IBC  are  to  review  and  oversee  all  re- 
combinant DNA  projects  and  to  advise 
the  institution  and  ORDA  whether 
the  proposals  and  the  research  comply 
with  the  NIH  Guidelines. 

The  IBC  shall  be  a committee  of  not 
less  than  five  members  so  selected 
that  the  committee  has  the  experience 
and  expertise  to  assess  the  safety  of 
proposed  recombinant  DNA  research 
projects  and  any  potential  risks  to 
public  health  or  the  environment.  Its 
membership  should  include  individ- 
uals from  disciplines  relevant  to  re- 
combinant DNA  technology,  biological 
safety,  and  engineering.  It  is  recom- 
mended that  the  EBC  also  include 
members  knowledgeable  about  such 
matters  as  applicable  law,  standards  of 
professional  conduct  and  practice, 
community  attitudes,  and  the  environ- 
ment, It  is  recommended  that  at  least 
one  member  be  a nondoctoral  person 
from  a laboratory  technical  staff.  No 
member  of  an  IBC  may  be  involved 
(except  to  provide  information  re- 
quested by  the  IBC)  in  the  review  or 
approval  of  a project  in  which  he  or 
she  has  been,  or  excepts  to  be  en- 
gaged, or  has  a direct  flnanical  inter- 
est. At  least  one  member  shall  not  be 
affiliated  with  the  institution,  i.e.,  no 
IBC  may  consist  entirely  of  persons 
who  are  officers,  employees,  or  agents 
of  the  institution,  or  are  otherwise  as- 
sociated with  it  apart  from  their  mem- 
bership on  the  IBC. 

On  behalf  of  the  Institution,  the  EBC 
shall: 

IV-A-2-a.  Review  and,  if  in  compli- 
ance with  the  NIH  Guidelines,  ap- 
proved the  initiation  of  all  proposed 
recombinant  DNA  research  conducted 
at  or  sponsored  by  the  institution  re- 
ceiving NIH  funds  for  any  recombin- 
ant DNA  research.  (All  P4  research 
must  recieve  prior  approval  by  NIH 
before  its  initiation.)  This  review  shall 
include  (i)  an  independent  assessment 
of  the  containment  levels  required  by 
these  guidelines  for  the  proposed  re- 
search, and  (li)  review  and  approval  of 
facilities,  procedures,  practices,  and 
the  training  and  expertise  of  recom- 
binant DNA  personnel; 

IV-A-2-b.  Consider  requests  for  ap- 
proval of  single-step  reductions  in  con- 
tainment levels  for  experiments  with 
purified  DNA  and  characterized  clones 
and  report  to  ORDA  those  actions  in 


which  approval  is  given  (see  section 
m-A-3); 

IV-A-2-c.  Review  periodically  recom- 
binant DNA  research  being  conducted 
at  the  institutions; 

IV-A-2-d.  Review  and  approve  emer- 
gency plans  covering  accidental  spills 
and  personnel  cpntamlnation  resulting 
from  this  research; 

IV-A-2-e.  Report  promptly  to 
ORDA  any  problems  with  the  Guide- 
lines of  violations; 

IV-A-2-f.  Keep  minutes  of  meetings 
and,  upon  request,  make  them  availa- 
ble to  the  public; 

IV-A-2-g.  Otherwise  advise  the  insti- 
tution and  ORDA  on  policy  matters 
relating  to  recombinant  DNA  re- 
search. 

Appendix  C and  “Laboratory  Safety 
Monagraph— A Supplement  to  the 
NIH  Guidelines  for  Recombinant  DNA 
Research”  contain  additional  informa- 
tion and  suggestions  regarding  the 
function  and  operation  of  EBCs. 

IV-A-3.  Biological  Safety  Officer.  A 
biological  safety  officer  shall  be  desig- 
nated by  each  institution  engaged  in 
recombinant  DNA  research  at  the  P3 
or  P4  containment  level.  The  officer 
shall  be  a member  of  the  EBC.  His  or 
her  duties  shall  include,  but  need  not 
be  limited  to: 

IV-A-3-a.  Insuring  through  periodic 
inspections  that  laboratory  safety 
standards  are  rigorously  followed; 

IV-A-3-b.  Developing  emergency 
plans  for  dealing  with  accidental  spills 
and  personnel  contamination,  and  in- 
vestigating recombinant  DNA  research 
laboratory  accidents; 

IV-A-3-c.  Providing  advice  on  labo- 
ratory security; 

IV-A-3-d.  Providing  technical  advice 
to  the  principal  investigator  and  EBC 
on  research  safety  procedures. 

See  “Laboratory  Safety  Mono- 
graph—A Supplement  to  the  NIH 
Guidelines  for  Recombinant  DNA  Re- 
search" for  additional  Information  on 
the  duties  of  the  Biological  Safety  Of- 
ficer. 

IV-A-4.  Principal  Investigator.  The 
principal  investigator  is  responsible 
for  conducting  his  or  her  recombinant 
DNA  research  in  compliance  with  the 
NIH  Guidelines.  On  behalf  of  the  in- 
stitution, the  principal  investigators 
responsible  for; 

IV-A-4- a.  Complying  fully  with  the 
guidelines  in  carrying  out  the  re- 
search; 

EV-A-4-b.  Making  the  initial  deter- 
mination of  the  required  levels  of 
physical  and  biological  containment  in 
accordance  with  the  guidelines; 

IV-A-4-c.  Selecting  appropriate  mi- 
crobiological practices  and  laboratory 
techniques  to  be  used  In  the  research; 

IV-A-4 -d.  Being  adequately  trained 
in  good  microbiological  techniques; 

IV-A-4-e.  Submitting  the  proposed 
research  (including  subsequent 


changes  in  the  protocol— e.g.,  changes 
in  the  source  of  DNA  or  host-vector 
system  to  be  used)  to  the  IBC  for 
review  and  approval  or  disapproval, 
and  remaining  in  communication  with 
the  IBC  throughout  the  conduct  of 
the  project; 

IV-A-4-f.  Initiating  no  recombinant 
DNA  research  subject  to  the  guide- 
lines until  it  has  been  approved  by  the 
IBC  and  has  met  all  other  require- 
ments of  the  guidelines,  and  agreeing 
to  make  changes  to  conform  if 
ORDA’s  review  so  requires; 

IV-A-4-g.  Petitioning  NIH,  after  no- 
tifying the  EBC,  for  exceptions  or  ex- 
emptions (4)  to  these  guidelines — e.g., 
for  an  exception  to  a prohibition  (see 
section  I-D)  or  an  exemption  from  the 
guidelines  (see  section  I-E-4  and  I-E- 
5).  Each  request  for  such  an  exception 
or  exemption  must  be  accompanied  by 
adequate  documentation  (see  appen- 
dix C for  additional  information  on 
procedures); 

IV-A-4-h.  Reporting  promptly  to 
the  EBC  and  NIH  (ORDA)  any  prob- 
lems with  or  violations  of  the  guide- 
lines; 

IV-A-4-1.  Submitting  information  on 
proposed  new  host-vector  systems  to 
ORDA  in  order  to  have  them  certified; 

EV-A-4-J.  Reporting  to  the  IBC  and 
ORDA  new  information  bearing  on 
the  guidelines; 

IV-A-4-k.  Adhering  to  EBC-approved 
emergency  plans  for  dealing  with  acci- 
dental spills  and  personnel  contamina- 
tion; 

IV-A-4-1.  Complying  with  shipping 
requirements  for  recombinant  DNA 
molecules  (see  section  H-C,  appendix 
C,  and  “Laboratory  Safety  Mono- 
graph—A Supplement  to  the  NIH 
Guidelines  for  Recombinant  DNA  Re- 
search” for  instructions  on  shipping 
and  distributing  organisms  and  viruses 
containing  recombinant  DNA); 

IV-A-4-m.  After  receiving  EBC  ap- 
proval and  before  initiating  the  re- 
search, the  principal  investigator  is  re- 
sponsible for: 

IV-A-4-m-(  1 ).  Making  available  to 
the  laboratory  staff  copies  of  the  ap- 
proved protocols  that  describe  the  po- 
tential biohazards  and  the  precautions 
to  be  taken; 

IV-A-4-m-<2).  Instructing  and  train- 
ing the  staff  in  the  practices  and  tech- 
niques required  to  insure  safety  and  in 
the  procedures  for  dealing  with  acci- 
dents; 

IV-A-4-m-(3).  Informing  the  staff  of 
the  reasons  and  provisions  for  any  ad- 
vised or  requested  precautionary  medi- 
cal practices,  such  as  vaccinations  or 
serum  collection. 

IV-A-4-n.  During  the  conduct  of  the 
research,  the  principal  investigator  is 
responsible  for 

IV-A-4-n-(I).  Supervising  the  safety 
performance  of  the  staff  to  insure 
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that  the  required  safety  practices  and 
techniques  are  employed: 

IV-A-4-n-(2).  Investigating  and  re- 
porting In  writing  to  ORDA  and  the 
IBC  any  serious  or  extended  illnesses 
of  a worker  or  any  accident  that  re- 
sults in  (1)  Inoculation  of  recombinant 
DNA  materials  through  cutaneous 
penetration.  <U)  Ingestion  of  recombin- 
ant DNA  materials.  (Hi)  probable  inha- 
lation of  recombinant  DNA  materials 
following  gross  aerosol  ization.  or  (Iv) 
any  incident  causing  serious  exposure 
to  personnel  or  danger  of  environmen- 
tal contamination: 

IV-A-4-n-<3>.  Investigating  and  re- 
porting in  writing  to  ORDA.  the  bio- 
logical safety  officer  (where  applica- 
ble!. and  the  IBC  any  significant  prob- 
lems pertaining  to  operation  and  Im- 
plementation of  biological  and  physi- 
cal containment  practices  and  proce- 
dures; 

IV-A-4-n-(4).  Correcting  work  errors 
and  conditions  that  may  result  in  the 
release  of  recombinant  DNA  materials; 

IV-A-4-n-<5>.  Insuring  the  Integrity 
of  the  physical  containment  (e.g..  bio- 
logical safety  cabinets)  and  the  bio- 
logical containment  (eg.,  genotypic 
and  phenotypic  characteristics,  purity, 
etc.k 

See  “Laboratory  Safety  Mono- 
graph—A Supplement  to  NIH  Guide- 
lines for  Recombinant  DNA  Research" 
for  additional  Information  on  training 
and  laboratory  and  accident  proce- 
dures. 

IV-A-4-o.  While  not  a requirement. 
It  is  urged  that  ail  publications  dealing 
with  recombinant  DNA  research  In- 
clude a description  of  the  physical  and 
biological  containment  procedures  em- 
ployed. to  aid  others  who  might  con- 
sider repeating  the  work. 

IV-B.  Responsibilities  of  NIH. 

IV-B-1.  Office  o/  the  Director.  NIH 
The  Office  of  the  Director  shall  be  re- 
sponsible for 

IV-B-1 -a.  Final  Interpretation  of  the 
guidelines; 

IV-B-l-b.  Revision  and  amendment 
of  the  guidelines  after  appropriate 
notice  and  opportunity  for  public  com- 
ment; 

IV-B-l-c.  Certification  of  new  host- 
vector  systems  and  decertification  of 
existing  host-vector  systems  after  ap- 
propriate notice  and  opportunity  for 
public  comment  (see  Section  II-D-2- 
a): 

IV-B- Id.  Promulgating  and  amend- 
ing a list  of  classes  of  recombinant 
DNA  molecules  to  be  exempt!  4)  from 
these  guidelines  after  appropriate 
notice  and  opportunity  for  public  com- 
ment. If  It  Is  found  that  they  consist 
entirely  of  DNA  segments  from  differ- 
ent species  that  exchange  DNA  by 
known  physiological  processes  or  oth- 
erwise do  not  present  a significant  risk 
to  health  or  environment  (see  section 
I-E-4  and  I-E-6): 


IV-B-l-e.  Permitting,  after  appropri- 
ate notice  and  opportunity  for  public 
comment,  exceptions! 4)  to  the  Prohi- 
bitions in  the  guidelines  for  experi- 
ments— e.g.,  risk -assessment  studies.  In 
making  such  decisions  on  exceptions, 
weight  will  be  given  both  to  scientific 
and  societal  benefits  and  to  potential 
risks  (see  section  I-D).  Also,  approving 
changes  in  containment  levels  for  spe- 
cific experiments,  or  the  assignment  of 
levels  to  experiments  not  explicitly 
considered  in  the  guidelines  (See  part 
III).  Also,  designating  as  class  1 for 
purposes  of  these  guidelines  certain 
agents  which  are  listed  as  class  2 (see 
footnote  1); 

IV-B-l-f.  Overseeing  the  implemen- 
tation of  the  guidelines; 

IV-B-l-g.  Requesting,  when  appro- 
priate, the  advice  of  the  Advisory 
Committee  to  the  Director.  NIH,  on 
matters  relevant  to  recombinant  DNA 
policy  issues; 

IV-B-I-h.  Promulgating  rules  as 
necessary  to  Implement  the  guidelines. 

IV-B-2.  NIH  Recombinant  DNA  Ad 
visory  Committee.  The  duties  of  the 
Recombinant  DNA  Advisory  Commit- 
tee (RAC)  shall  Include: 

IV-B-2-a.  Recommending  to  the  Di- 
rector. NIH.  revisions  of  these  guide- 
lines periodically  and  any  amendments 
to  the  guidelines  as  necessary". 

IV-B-2-b.  Advising  the  Director. 
NIH.  and  ORDA  on  questions  of  inter- 
pretation of  the  guidelines: 

IV-B-2-c.  Recommending  to  the  Di- 
rector. NIH  whether  host-vector  sys- 
tems qualify  for  certification  (see  sec- 
tion II-D-2-a); 

IV-B-2-d.  Recommending  to  the  Di- 
rector. NIH.  whether  currently  certi- 
fied host-vector  systems  should  be  de- 
certified: 

IV-B-2-e.  Recommending  to  the  Di- 
rector. NIH.  a list  (and  amendments  to 
the  list)  of  other  classes  of  experi- 
ments to  be  exempt!  4)  from  these 
guidelines  (see  section  I-E-4  and  I-E 
S): 

IV-B-2-f.  Recommending  to  the  Di- 
rector. NIH.  whether  experiments 
should  be  granted  an  exception  (4) 
from  the  prohibitions  in  the  guide- 
lines—for  example.  In  order  to  allow 
risk-assessment  studies — and  at  the 
same  time  recommending  appropriate 
levels  of  physical  and  biological  con- 
tainment for  these  experiments.  In 
making  such  recommendations,  weight 
shall  be  given  both  to  scientific  and  so- 
cietal benefits  and  to  potential  risks 
(see  section  I-D); 

IV-B-2-g.  Recommending  to  the  Di- 
rector. NIH.  changes  in  containment 
levels  for  specific  experiments,  or  the 
assignment  of  levels  to  experiments 
not  explicitly  considered  in  the  guide- 
lines (see  part  III); 

IV-B-2-h.  Recommending  to  the  Di- 
rector. NIH.  designation  as  class  1 for 
purposes  of  these  guidelines  certain 


agents  that  are  listed  as  class  2 (see 
footnote  1); 

IV-B-2-i.  Recommending  to  NIH 
whether  a cloned  recombinant  DNA 
segment  has  been  rigorously  charac- 
terized and  whether  there  is  sufficient 
evidence  that  it  is  free  of  harmful 
genes,  so  that  experiments  involving  it 
may  be  conducted  under  lower  con- 
tainment conditions: 

IV-B-2-j.  Carrying  out  other  func- 
tions as  assigned  under  the  RAC's 
charter  or  by  the  Secretary,  the  As- 
sistant Secretary  for  Health,  or  the 
Director.  NIH. 

IV-B-3.  NIH  Components.  Various 
NIH  components  shall  perform  the 
following: 

IV-B  3 a.  ORDA.  ORDA  shall  serve 
as  a focal  point  for  information  on  re- 
combinant DNA  activities  and  provide 
advice  to  ail  within  and  outside  NIH, 
Including  institutions,  biosafety  com- 
mittees. principal  investigators,  and 
State  and  local  governments.  In  addi- 
tion. ORDA  shall: 

IV  B 3-a-(l).  Make  an  Independent 
evaluation  of  the  containment  levels 
required  for  the  research  covered  by 
these  guidelines; 

IV-B-3-a-(2).  Determine  whether 
the  physical  and  biological  contain- 
ment levels  approved  by  the  IBC  are 
in  accord  with  the  requirements  of  the 
guidelines; 

IV-B-3-a-(3).  Make  interpellations 
of  the  guidelines  and  approve  reduc- 
tion of  containment  levels  of  more 
than  one  step  for  characterized  clones, 
or  for  cases  involving  primate  DNA.  or 
to  levels  below  P1  + EK1  (see  section 
III-A-3).  In  most  cases  this  will  in- 
volve prior  review  by  the  RAC; 

IV-B-3-a-(4).  Provide  timely  notice 
to  local  institutions  when  protocols. 
Including  modifications  to  ongoing 
projects,  do  not  conform  to  the  stand- 
ards in  the  NIH  guidelines: 

IV-B-3-a-(5).  Maintain  a register  of 
recombinant  DNA  projects; 

IV-B-3-a-(6).  Serve  as  executive  sec- 
retariat for  the  RAC; 

IV-B-3-a-<7).  Publish  the  Recombin- 
ant DNA  Technical  Bulletin; 

IV-B-3-a-<8).  Review  membership  of 
IBCs. 

IV-B-3-b.  Other  NIH  Components. 
Other  NIH  components  shall  be  re- 
sponsible for 

IV-B-3-b-(l).  Awarding  no  grants  or 
contracts  unless  properly  executed 
MU  As  have  been  received; 

IV-B-3-b-(2).  Certifying  P4  facili- 
ties, inspecting  them  periodically,  and 
inspecting  other  recombinant  DNA  fa- 
cilities as  deemed  necessary; 

IV-B-3-b-<3).  Announcing  and  dis- 
tributing certified  HV2  and  HV3  host- 
vector  systems  (see  section  II-D-3). 

See  Appendix  C for  additional  infor- 
mation on  the  administrative  proce- 
dures of  ORDA  and  other  NIH  compo- 
nents. 
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IV-C.  Registration. 

IV-C-1.  Required  Registration.  All 
institutions  receiving  NIH  funds  for 
recombinant  DNA  projects  shall 
inform  NIH  of  all  recombinant  DNA 
projects  at  the  insTitution.  A ncn-NIH 
project  shall  be  registered  with  NIH 
after  it  has  been  approved  by  the  IBC 
and  initiated.  Applications  for  NIH 
projects  must  be  accompanied  by  an 
MU  A. 

For  information  on  MU  As  or  equiv- 
alent documents,  which  must  be  sub- 
mitted for  registration  of  recombinant 
DNA  projects,  see  section  IV  of  appen- 
dix C. 

IV-C-2.  Voluntary  Registration  and 
Certification.  Any  institution  which  is 
not  required  to  comply  with  the  guide- 
lines may  nevertheless  register  recom- 
binant DNA  research  projects  with 
NIH  by  submitting  the  appropriate  in- 
formation to  ORDA.  NIH  will  accept 
requests  for  certification  of  host- 
vector  systems  proposed  by  the  insti- 
tution. The  submitter  must  agree  to 
abide  by  the  physical  and  biological 
containment  standards  of  the  NIH 
guidelines. 

rV-C-3.  Disclosure  of  Information 
IV-C-3-a.  DHEW  or  the  institution, 
in  carrying  out  their  responsibilities 
under  the  guidelines,  shall  not  release 
confidential  or  proprietary  informa- 
tion submitted  pursuant  to  the  guide- 
lines, except  to  the  extent: 

IV  -C-3-a-(l).  Required  by  law. 
IV-C-3-a-(2).  Necessary  to  certify 
host -Vector  systems; 

IY-C-3-a-(3).  Necessary  to  deter- 
mine whether  qr  not  to  allow  exemp- 
tions from  the  guidelines: 

IV-C-3-a-<4).  Necessary,  in  the  judg- 
ment of  the  Secretary  or  his  designee, 
the  protect  the  public  or  the  environ- 
ment against  an  unreasonable  risk  of 
injury  to  health  or  the  environment. 

IV-C-4.  Patentable  Material.  Institu- 
tions are  reminded  that  whenever 
they  regard  information  as  potentially 
proprietary,  they  should  consider  ap- 
plying for  a patent  before  submitting 
information  to  DHEW. 

rV-D.  Compliance  As  a condition 
for  NIH  funding  of  recombinant  DNA 
research,  institutions  must  insure  that 
recombinant  DNA  research  conducted 
at  or  sponsored  by  that  institution 
shall  comply  with  the  guidelines  irre- 
spective of  the  source  of  funding. 
IV-D-1.  Policy  on  Noncompliance 
IV-D-l-a.  All  NTH-funded  projects 
involving  recombinant  DNA  technol- 
ogy must  comply  with  the  NIH  guide- 
lines. Noncompliance  may  result  in 
suspension,  limitation,  or  termination 
of  financial  assistance  for  such  pro- 
jects, and  for  other  recombinant  DNA 
research  at  the  institution. 

IV-D-l-b.  All  non-NIH  funded  pro- 
jects involving  recombinant  DNA  tech- 
niques conducted  at  or  sponsored  by 
an  institution  that  receives  NIH  funds 


for  projects  involving  recombinant 
DNA  techniques  must  comply  with  the 
NIH  guidelines.  Noncompliance  may 
result  in  suspension,  limitation,  or  ter- 
mination of  NIH  funds  for  recombin- 
ant DNA  research. 

IV-D-l-c.  Information  concerning 
noncompliance  with  the  guidelines 
may  be  brought  forward  by  any 
person.  It  should  be  delivered  to  both 
ORDA  and  the  relevant  institution. 
The  institution,  generally  through  the 
IBC.  shall  take  such  action  as  appro- 
priate. It  shall  forward  a complete 
report  of  the  incident  to  ORDA  and,  if 
appropriate,  shall  include  recommen- 
dations for  further  action. 

IV-D-1 -d.  In  cases  where  NIH  pro- 
poses to  suspend,  limit,  or  terminate 
financial  assistance  because  of  a non- 
compliance  with  the  guidelines,  appli- 
cable HEW  and  PHS  procedures  shall 
govern.  Volume  42.  parts  50  and  52, 
and  volume  45.  parts  16  and  74,  of  the 
Code  of  Federal  Regulations  are 
sources  of  information  about  these 
procedures  for  grants. 

V.  Footnotes  And  References 

1.  The  reference  to  organisms  as  class  1.  2. 
3.  4.  or  5 refers  to  the  classification  in  the 
publication  Classification  of  Etiologic 
Agents  on  the  Basis  of  Hazard,  4th  edition. 
July  1974:  U.S.  Department  of  Health,  Edu- 
cation, and  Welfare.  Public  Health  Service. 
Center  for  Disease  Control.  Office  of  Biosa- 
fety. Atlanta,  Ga.  30333.  The  list  of  organ- 
isms in  each  class,  as  given  in  this  publica- 
tion. is  reprinted  in  appendix  B to  these 
guidelines. 

However,  the  Director.  NIH.  on  the  rec- 
ommendation of  the  Recombinant  DNA  Ad- 
visory Committee,  may  designate  certain  of 
the  agents  which  are  listed  as  class  2 in  the 
Classification  of  Etiologic  Agents  on  the 
Basis  of  Hazard  4th  edition,  July  1974.  as 
class  1 agents  for  the  purposes  of  these 
guidelines.  An  updated  list  of  such  agents 
may  be  obtained  from  the  Office  of  Recom- 
binant DNA  Activities  (ORDA).  National  In- 
stitutes of  Health.  Bethesda.  Md.  20014. 

The  entire  Classification  of  Etiologic 
Agents  on  the  Basis  of  Hazard  is  in  the  proc- 
ess of  revision. 

2.  One  exception  to  the  prohibition  of  for- 
mation of  recombinant  DNA's  derived  from 
class  3.  4.  or  5 agents  is  lhat  the  formation 
of  recombinant  DNA's  derived  from  Vesicu- 
lar Stomatitis  Virus  (VSV)  is  not  prohibited. 
The  reason  for  this  is  explained  in  the  ac- 
companying "Decision  Document.”  Howev- 
er. as  noted  in  appendix  B.  a permit  form 
the  U.S.  Department  of  Agriculture  is  re- 
quired for  the  import  or  interstate  transport 
of  VSV.  This  can  be  obtained  from  USDA- 
APHIS.  Veterinary  Service.  Federal  Build- 
ing. Hyattsville,  Md.  20782. 

3.  The  following  types  of  data  should  be 
considered  in  determining  whether  DNA  re- 
combinants are  "characterized”  and  "free  of 
harmful  genes”:  (a)  the  absence  of  poten- 
tially harmful  genes  (e.g..  sequences  con- 
tained in  indigenous  tumor  viruses  or  se- 
quences that  code  for  toxins,  invasins.  viru- 
lence factors,  etc.,  that  might  potentiate  the 
pathogenicity  or  communicability  of  the 
vector  and/or  host  or  be  detrimental  to 
humans,  animals,  or  plants);  (b)  the  types's) 
of  genetic  information  on  the  cloned  seg- 


ment and  the  nature  of  transcriptional  and 
translation  gene  products  specified:  (c)  the 
relationship  between  the  recovered  and  de- 
sired segment  (eg..  hybridization  and  re- 
striction endonuclease  fragmentation  analy- 
sis where  applicable):  (d)  the  genetic  stabil- 
ity of  the  cloned  fragment:  and  (e).  any  al- 
terations in  the  biological  properties  of  the 
vector  and  host. 

4.  In  section  I-E.  " exemptions”  from  the 
guidelines  are  discussed.  Such  experiments 
are  not  covered  by  the  guidelines  and  need 
not  be  registered  with  NIH.  In  section  I-D 
on  "prohibitions.”  the  possibility  of  "excep- 
tions" is  discussed.  An  "exception”  means 
that  an  experiment  may  be  expressly  re- 
leased from  a prohibition.  At  that  lime  it 
will  be  assigned  appropriate  levels  of  physi- 
cal and  biological  containment. 

5.  See  "Laboratory  Safety  Monograph— A 
Supplement  to  the  NIH  Guidelines  lor  Re- 
combinant DNA  Research"  for  information 
on  inactivating  DNA. 

6 Laboratory  Safety  at  the  Center  for  Dis- 
ease Control  (Sept.  1974).  U.S.  Department 
of  Health  Education  and  Welfare  Publica- 
tion No.  CDC  75-8118. 

7.  Classification  of  Etiologic  A gen  ts  on  the 
Basis  of  Hazard  (4th  Edition.  July  1974). 
U.S  Department  of  Health.  Education  and 
Welfare.  Public  Health  Service.  Center  for 
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9.  National  Institutes  of  Health  Bioha- 
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of  Health.  Education,  and  Welfare.  Public 
Health  Service.  National  Institutes  of 
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Stock  No.  1740-00383. 
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(1973).  A.  Heilman.  M.  N.  Oxman.  and  R. 
Pollack  (ed.)  Cold  Spring  Harbor  Labora- 
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Updyke.  and  J.  O.  Mason  (eds.).  Diagnostic 
procedures  of  Bacterial.  Mycotic  and  Para- 
sitic Infections.  American  Public  Health  As- 
sociation. New  York.  pp.  11-28. 
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14.  The  Prevention  of  Laboratory  Acquired 
Infection  (1974).  C.  H.  Coilins.  E.  G.  Hart- 
ley. and  R.  Pilsworth.  Public  Health  Labora- 
tory Service,  Monograph  Series  No.  6. 

15.  Chatigny.  M.  A.  (1961).  Protection 
Against  Infection  in  the  Microbiological 
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3:131-192. 
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891. 

17.  Kuehne.  R.  W.  (1973'.  Biological  Con- 
lainment  Facility  for  Studying  Infectious 
Disease  Appl.  Microbiol.  26-239-243. 


FEDERAL  REGISTER,  VOL  43,  NO.  146— FRiDAY,  JULY  28,  1978 


[48] 


33088 


NOTICES 


18  Runkle.  R.  S..  and  G.  B Phillips 
(1969).  Microbial  Containment  Control  Fa- 
cilities. Van  Non  trend  Reinhold.  Sri/  York. 

19.  Chattgny.  M.  A.,  and  D I.  Cling»r 
(1969).  Contatmination  Control  in  Aerobio- 
logy In  R.  L.  Dimmick  and  A B Akers' 
(eds.)  An  Introduction  to  Experimental  Aer- 
obiology. John  Wiley  Ac  Sons.  Near  York  pp. 
194-263 
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In  this  section  are  classified  as  class  I.  clou 
II.  or  class  III  cabinets.  A class  l is  a venti- 
lated cabinet  for  personnel  protection 
having  an  Inward  flow  of  air  away  from  the 
operator.  The  exhaust  air  from  this  cabinet 
Is  filtered  through  a high-efficiency  particu- 
late air  (HEPA)  filter.  This  cabinet  is  used 
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34.  We  are  specifically  concerned  with 
potent  toxins  which  could  be  produced  by 
acquiring  a tingle  gene  or  cluster  of  genes. 

35.  Defined  as  observable  under  optimal 
laboratory  conditions  by  transformation, 
transduction,  phmge  infection,  and  or  conju- 
gation with  transfer  of  phage,  plasmid,  and/ 
or  chromosomal  genetic  information.  Note 
that  this  definition  of  exchange  may  be  less 
stringent  than  that  applied  to  exempt  or- 
ganisms under  mcuoe  I E 4 

36.  As  classified  in  the  Second  Report  of 
the  International  Committee  on  Taxonomy 
of  Viruses:  Clssiwflcwnon  and  Nomenclature 
of  Viruses.  Prank  Psnner.  Ed.  Intervirology 
7(19-115)  1976  (As  noted  m the  Prohibition 
Section,  the  use  of  viruses  classified!  1 ] as 
class  3.  4.  or  5.  other  than  VSV.  is  prohibit- 
ed.) 

37.  The  cDNA  copy  of  the  viral  mRNA 
must  be  >99  percent  pure;  otherwise  as  for 
shotgun  experiments  with  eukaryotic  cellu- 
lar DNA. 

38.  >99  percent  pure  (l.e..  less  than  1 per- 
cent of  the  DNA  consists  of  Intact  viral  gen- 
ames);  otherwise  as  for  whole  genaraes. 

39.  The  viruses  have  been  classified  by 
NCI  as  moderate  risk  oncogenic  viruses  " 
8ee  Laboratory  Safety  Monograph— A Sup- 
plement to  the  NIH  Guidelines  for  Recom- 
binant DNA  Research"  for  recomendattons 
on  handling  the  viruses  themselves. 

40.  EKICV  means  the  use  of  an  EK1  host 
and  a vector  certified  for  use  in  an  EK2 
system. 

41.  The  DNA  preparation  is  defined  as 
"purified"  If  the  desired  DNA  represents  at 
least  99  percent  (w/w)  of  the  total  DNA  tn 
the  preparation,  provided  that  it  was  veri- 
fied by  more  than  one  procedure. 

42.  The  lowering  of  the  containment  level 
when  this  degree  of  purification  has  been 
obtained  is  based  on  the  fact  that  the  total 
number  of  clones  that  must  be  examined  to 
obtain  the  desired  clone  is  markedly  re- 
duced. Thus,  the  probability  of  cloning  a 


harmful  gene  could,  for  example,  be  re- 
duced by  more  than  lO’-fold  when  a nonre- 
petitive  gene  !rom  mammals  was  being 
sought.  Furthermore,  the  level  of  purity 
specified  here  makes  it  easier  to  establish 
that  the  desired  DNA  does  not  contain 
harmful  genes. 

43.  This  is  not  permitted,  of  course,  if  it 
falls  under  any  of  the  Prohibitions  of  sec- 
tion I-D.  Of  particular  concern  here  is  pro- 
hibition (v).  Le„  "Transfer  of  a drug  resis- 
tance trait  to  microorganisms  that  are  not 
known  to  acquire  tt  naturally  if  such  acqui- 
sition could  compromise  the  use  of  a drug  to 
control  disease  agents  in  human  or  veteri- 
nary medicine  or  agriculture  " 

44.  Because  this  work  will  be  done  almost 
exclusively  in  tissue  culture  cells,  which 
hare  no  capacity  to’-  propagation  outside 
the  laboratory,  the  primary  focus  for  con- 
tainment is  the  vector.  It  should  be  pointed 
out  that  risk  of  laboratory -acquired  infec- 
tion as  a consequence  of  tissue  culture  ma- 
nipulation is  very  low.  Given  good  microbio- 
logical practices,  the  most  likely  mode  of 
escape  of  recombinant  DNA's  from  a phys- 
ically contained  laboratory  is  carnage  by  an 
infected  human.  Thus  the  vector  with  an  in- 
serted DNA  segment  should  have  IKtle  or  no 
ability  to  replicate  or  spread  in  humans. 

For  use  as  a vector  in  a vertebrate  host 
cell  system,  an  animal  viral  DNA  molecule 
should  display  the  folio*  mg  properties; 

(I)  It  should  not  consist  of  the  whole 
genome  of  any  agent  that  is  infectious  for 
humans  or  that  replicates  to  a significant 
extent  in  human  cells  in  tissue  culture.  If 
the  recombinant  molecule  is  used  to  trans- 
form nonpermisslve  cells  ( l.e..  cells  which  do 
not  produce  Infectious  virus  panicles),  this 
is  not  a requirement. 

(II)  It  should  be  derived  from  a vims 
whose  epidemiological  behavior  and  host 
range  are  well  understood. 

(III)  In  permissive  cells,  it  should  be  defec- 
tive when  carrying  an  inserted  DNA  seg- 
ment (Le..  props  gatlan  of  the  recombinant 
DNA  as  a virus  must  be  dependent  upon  the 
presence  of  a oomplemetitirg  helper 
renome).  In  almost  an  eases  this  oondition 
would  be  achieved  automatically  by  the  ma- 
nipulations used  to  eonetruct  and  propagate 
the  recombinants.  In  addition,  the  amount 
of  DNA  encapsulated  in  the  particles  of 
most  animal  viruses  is  defined  within  fairly 
close  limits.  The  insertion  of  sizable  foreign 
DNA  sequences,  therefore,  generally  de- 
mands a compensatory  deletion  of  viral  se- 
quences. It  may  be  poss:ble  to  introduce 
very  short  insertions  (50-100  base  pairs) 
without  rendering  the  viral  vector  defective. 
In  such  a situation,  the  requirement  that 
the  viral  vector  be  defective  is  not  neces- 
sary. except  in  those  cases  in  which  the  in- 
serted DNA  encodes  a biloglcally  active  po- 
lypeptide. 

It  is  desired  but  not  required  that  the 
functional  anatomy  of  the  vector  be 
known— that  is.  there  should  be  a clear  idea 
of  the  location  within  the  molecule  of: 

(I)  the  sited  at  which  DNA  synthesis  origi- 
nates and  terminates. 

(ii)  the  sites  that  are  cleaved  by  restriction 
endonucleases. 

(iil)  the  template  regions  for  the  major 
gene  product. 

If  possible  the  helper  virus  genome 
should: 

(i)  be  integrated  into  the  genome  of  a 
stable  Une  of  host  cells  <a  situation  that 
would  effectively  limit  the  growth  of  the 
vector  recombinant  to  such  cell  lines)  or 
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(ii)  consist  of  a defective  genome,  or  an  ap- 
propriate conditional  lethal  mutant  virus, 
making  vector  and  helper  dependent  upon 
each  other  for  propagation. 

However,  neither  of  these  stipulations  is  a 
requirement. 

45.  Review  by  NIH  on  a case-hy-case  basis 
means  prior  review  and  the  setting  or  appro- 
priate containment  conditions  by  NIH.  NIH 
actions  in  such  case-by-case  reviews  will  be 
published  in  the  Recombinant  DNA  Techni- 
cal Bulletin. 

46.  Provided  the  inserted  DNA  sequences 
are  not  derived  from  eukaryotic  viruses.  In 
the  latter  case,  such  experiments  will  be 
evaluated  on  a case-by-case  basis. 

47.  a 99%  pure;  otherwise  as  for  shotgun 
experiments. 

Appendix  A 

Section  I-E-4  states  that  exempt 
from  these  Guidelines  are  “certain 
specified  recombinant  DNA  molecules 
that  consist  entirely  of  DNA  segments 
from  different  species  that  exchange 
DNA  by  known  physiological  process- 
es, though  one  or  more  of  the  seg- 
ments may  be  a synthetic  equivalent. 
A list  of  such  exchanges  will  be  pre- 
pared and  periodically  revised  by  the 
Directed,  NIH,  on  the  recommendation 
of  the  Recombinant  DNA  Advisory 
Committee,  after  appropriate  notice 
and  opportunity  for  public  comment. 
Certain  classes  are  exempt  as  of  publi- 
cation of  these  Revised  Guidelines. 
The  list  is  in  Appendix  A.” 

Under  exemption  I-E-4,  as  of  the 
publication  of  these  Revised  Guide- 
lines, are  any  recombinant  DNA  mole- 
cules that  are  (1)  composed  entirely  of 
DNA  segments  from  one  or  more  of 
the  organisms  listed  below'  and  (2)  to 
be  propagated  in  any  of  the  organisms 
listed  below. 

Escherichia  species 
Edioardsiella  species 
Citrobacter  species  (including  Le- 
vinea ) 

Salmonella  species  (including  Arizo- 
na) 

Shigella  species 
Klebsiella  species 
Enterobacter  species 
Hafnia  species 
Serratia  species 

Erwinia  species  (including  Pectobac- 
terium) 

Pseudomonas  species 
Rhizobium  species 
Acinetobacter  calcoaceticus 
Agrobacterium  tumefaciens 
Rhodopseudomonas  sphaeroides 

Appendix  B 

CLASSIFICATION  OF  MICROORGANISMS  ON 
THE  BASIS  OF  HAZARD* 

I.  Classification  of  Eciologic  Agents  on 
the  Basis  of  Hazard  (I) 

A.  CLASS  I AGENTS 

All  bacterial,  parasitic,  fungal,  viral, 
rickettsial,  and  chlamydial  agents 
not  included  in  higher  classes. 


•See  Part  V.  Footnotes  and  References, 
ref.  7. 


B.  CLASS  2 AGENTS 

1.  Bacterial  agents; 

Actinobacillus — all  species  except  A. 

mallei,  which  is  in  Class  3 
Arizona  hinshawii — all  serotypes 
Bacillus  anthracis 
Bordetella — all  species 
Borrelia  recurrentis,  B.  vincenti 
Clostridium  botulinum.  Cl.  chau- 
voei.  Cl.  haemolyticum,  Cl.  histoly- 
ticum,  Cl.  novyi,  Cl.  septicum.  Cl. 
tetani 

Corynebacterium  diphtheriae,  C. 
egui,  C.  haemolyticum,  C.  pseudo- 
tuberculosis, C.  pyogenes,  C.  renale 
Diplococcus  ( Streptococcus ) pneu- 
moniae 

Erysipelolhrix  insidiosa 
Escherichia  coli— all  enteropatho- 
genic  serotypes 

Haemophilus  ducreyi,  H.  influenzae 
Herellea  vaginicola 
Klebsiella— ail  species  and  al1  sero- 
types 

Leptospira  interrogans — all  sero- 
types 

Listeria— all  species 
Mima  polymorpha 
Moraxella — all  species 
Mycobacteria— a\\  species  except 
those  listed  in  Class  3 
Mycoplasm.a— all  species  except  My- 
coplasma mycoides  and  Myco- 
plasma agalactiae,  which  are  in 
Class  5 

Neisseria  gonorrhoeae,  N.  meningiti- 
dis 

Pasteurella— all  species  except  those 
listed  in  Class  3 

Salmonella — all  species  and  all  sero- 
types 

Shigella— all  species  and  all  sero- 
types 

Sphaerophorus  necrophorus 
Staphylococcus  aureus 
Strep tobacilus  moniliformis 
Streptococcus  pyogenes 
Treponema  carateum,  T.  pallidum, 
and  T.  pertenue 

Bibrio  fetus,  V.  comma,  including 
biotype  El  Tor,  and  V.  parahemoly- 
ticus 

2.  Fungal  agents; 

Actinomycetes  (including  Nocardia 
species  and  Actinomyces  species 
and  Arachnia  propionica) 
Blastomyces  dermatitidis 
Cryptococcus  neoformans 
Paracoccidioides  brasiliensis 

3.  Parasitic  agents: 

Endamoeba  histolytica 
Leishmania  sp. 

Naegleria  gruberi 
Toxoplasma  gondii 
Toxocara  canis 
Trichinella  spiralis 
Trypanosoma  cruzi 

4.  Viral,  Rickettsial,  and  Chlamydial 

agents; 

Adenoviruses— human— all  types 
Cache  Valley  virus 
Coxsackie  A and  B viruses 
Cytomegaloviruses 


Echoviruses—a.11  types 
Encephalomyocarditis  virus  (EMC) 
Flanders  virus 
Hart  Park  virus 

Hepatitis-associated  antigen  materi- 
al 

Herpes  viruses — except  Herpesvirus 
simiae  (Monkey  B virus)  which  is 
in  Class  4 
Corona  virus 

Influenza  viruses— all  types  except 
A/PR8/34,  which  is  in  Class  1 
Langet  virus 

Lymphogranuloma  venereum  agent 
Measles  virus 
Mumps  virus 

Parainfluenza  turns— all  types 

except  Parainfluenza  virus  3,  SF4 
strain,  which  is  in  Class  1 
Polioviruses— all  types,  wild  and  at- 
tenuated 

Poxviruses — all  types  except  Al.as- 
trim,  Smallpox,  Monkey  pox,  and 
Whitepox , which,  depending  on  ex- 
periments. are  in  Class  3 or  Class  4 
Rabies  virus— all  strains  except 
Rabies  street  virus,  which  should 
be  classified  in  Class  3 when  inocu- 
lated into  carnivores 
Reoviruses— all  types 
Respiratory  syncytial  virus 
Rhinoviruscs — all  types 
Rubella  virus 

Simian  viruses—  all  types  except 
Herpesvirus  simiae  ( Monkey  B 
virus)  and  Marburg  virus,  which 
are  in  Class  4 
Sindbis  virus 
Tenscw  virus 
Turlock  virus 
Vaccinia  virus 
Varicella  virus 
Vole  rickettsia 

Yellow  fever  virus,  17D  vaccine 
strain 

C.  CLASS  3 AGENTS 

1.  Bacterial  agents: 

Actinobacillus  mallei* 

Eartonello. i — all  species 
Burcella — all  species 
Francisella  tularensis 
Mycobacterium  avium,  M.  bonis,  M. 

tuberculosis 

Pasteurella  multocide  type  B (“buf- 
falo” and  other  foreign  virulent 
strains*) 

Pseudomonas  pseudcmallei * 

Yersenia  pestis 

2.  Fungal  agents: 

Coccidioides  immitis 
Histoplasma  capsulatvm 
Histoplasma  capsulaium  var.  duboi- 

sii 

3.  Parasitic  agents: 

Schistosoma  mansoni 

4.  Viral,  Rickettsial,  and  Chlamydial 

agents: 

Alastrim,  Smallpox,  Monkey  pox, 
and  Whitepox,  when  used  in  vitro 
Arboviruses— all  strains  except  those 
in  Class  2 and  4 (Arboviruses  indig- 


*USDA  permit  also  required  for  import  or 
interstate  transport. 
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enous  to  the  United  States  are  in 
Class  3.  except  those  listed  in  Class 

2.  West  Nile  and  Semliki  Forest  vir- 
uses may  be  classified  up  or  down, 
depending  on  the  conditions  of  use 
and  geographical  location  of  the 
laboratory.) 

Dengue  rims,  when  used  for  trans- 
mission or  animal  inoculation  ex- 
periments 

Lymphocytic  chorimeningitis  virus 
(LCM) 

Psittacosis-Omithosis-Trachoma 
group  of  agents 

Rabies  street  virus,  when  used  in  in- 
oculation of  carnivores  (See  Class 
2) 

Ric/cettsia— all  species  except  Vole 
rickettsia  when  used  for  transmis- 
sion or  animal  Inoculation  experi- 
ments 

Vesicular  stomatitis  rims* 

Yellow  fever  rims— wild,  when  used 
in  vitro 

D.  CLASS  4 AGENTS 

1.  Bacterial  agents:  None. 

2.  Fungal  agents:  None. 

3.  Parasitic  Agents:  None. 

4.  Viral,  rickettsial,  and  Chlamydial 

Agents: 

Alastrim,  Smallpox,  Monkey  pox. 
and  Whitepox,  when  used  for 
transmission  or  animal  inoculation 
experiments 

Hemorrhagic  fever  agents,  including 
Crimean  hemorrhagic  fever 
(Congo).  Junin.  and  Machupo  vir- 
uses. and  others  as  yet  undefined 
Herpesidrus  simiae  (Monkey  B 
virus) 

Lassa  rims 
Marburg  virus 

Tick-borne  encephalitis  rims  com- 
plex. including  Russian  spring- 
summer  encephalitis,  kyasanur 
forest  disease,  Omsk  hemorrhagic 
fever,  and  Central  European  en- 
cephalitis viruses 

Venezuelan  equine  encephalitis 
rims,  epidemic  strains,  when  used 
for  transmission  or  animal  inocula- 
tion experiments 

Yellow  fever  rims— wild,  when  used 
for  transmission  or  animal  inocula- 
tion experiments 

II.  Classification  of  Oncogenic  Viruses 
on  the  Basis  of  Potential  Hazard 
(2) 

A.  LOW-RISK  ONCOGENIC  VIRUSES 

Rous  Sarcoma 

SV-40 

CEXO 

Ad7  SV40 

Polyoma 

Bovine  papoilloma 
Rat  mammary  tumor 
Avian  Leukosis 
Murine  Leukemia 
Murine  Sarcoma 
Mouse  mammary  tumor 
Rat  Leukemia 


Hamster  Leukemia 
Bovine  Leukemia 
Dog  Sarcoma 

Mason-Pfizer  Monkey  Virus 
Marek’s 

Guinea  Pig  Herpes 
Lucke (Frog) 

Adenovirus 
Shope  Fibroma 
Shope  Papilloma 

B.  MODERATE  RISK  ONCOGENIC  VIRUSES 

Ad2-SV40 

FeLV 

HV  Saimiri 

EBV 

SSV-1 

GaLV 

HV  ateles 

Yaba 

FeSV 

III.  Animal  Pathogens  (3) 

A.  ANIMAL  DISEASE  ORGANISMS  WHICH 
ARE  FORBIDDEN  ENTRY  INTO  THE 
UNITED  STATES  BY  LAW  (CDC  CLASS  S 
AGENT) 

1.  Foot  and  mouth  disease  virus 

B.  ANIMAL  DISEASE  ORGANISMS  AND  VEC- 
TORS WHICH  ARK  FORBIDDEN  ENTRY 
INTO  THE  UNITED  STATES  BY  USDA 
POLICY  (CDC  CLASS  S AGENTS) 

African  horse  sickness  virus 
African  swine  fever  virus 
Besnoitia  besnoiti 
Boma  disease  virus 
Bovine  Infectious  petechial  fever 
Camel  pox  virus 
Ephemeral  fever  virus 
Fowl  plague  virus 
Goat  pox  virus 
Hog  cholera  virus 
Louping  ill  virus 
Lumpy  skin  disease  virus 
Nairobi  sheep  disease  virus 
Newcastle  disease  virus  (Asiatic 
strains) 

Mycoplasma  mycoides  (contagious 
bovine  pleuropneumonia) 
Mycoplasma  agalactiae  (contagious 
agalactia  of  sheep) 

Rickettsia  ruminatium  (heart 
water) 

Rift  valley  fever  virus 
Rinderpest  virus 
Sheep  pox  virus 
Swine  vesicular  disease  virus 
Teschen  disease  virus 
Trypanosoma  vivax  (Nagana) 
Trypanosoma  ev ansi 
Theileria  parva  (East  Coast  fever) 
Theileria  annulata 
Theileria  lawrencei 
Theileria  bo  vis 
Theileria  hirci 
Vesicular  exanthema  virus 
Wesselshron  disease  virus 
Zyonema  farciminosum  (pseudo- 
farcy) 
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II-B— 2.  Noncompeting  Applica- 
tions. 

II-C.  Notation  on  Applications  for  Re- 
search and  Training  Grants. 

II-D.  Award  Procedures. 

II-E.  Changes  in  Ongoing  Projects. 
II-E-1.  Protocols  for  Which  Con- 
tainment Levels  are  Explicitly  Speci- 
fied by  the  Guidelines. 

II-E-1 -a.  Major  Changes. 
II-E-l-b.  Minor  changes. 

II-E-2.  Protocols  for  Which  Con- 
tainment Levels  are  Not  Explicitly 
Specified  by  the  Guidelines. 

II-F.  Shipping  Requirements. 

III.  Policy  and  procedures  for  Recom- 
binant DNA  Research  Supported  by 
NiH  and  Conducted  in  Foreign  Coun- 
tries. 
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Ill- A.  Policy. 

III-B.  Requirements  and  Procedures 
for  NTH-Supported  Research  in 
Countries  with  Guidelines. 

III- C.  Requirements  Regarding  Coun- 
tries Which  Have  Not  Adopted 
Guidelines. 

IV.  Registration  of  Recombinant  DNA 
Projects. 

IV. -A.  NIH-Supported  Projects. 

IV- E.  Required  Registration  of  Non- 
NIH  Projects. 

IV-C.  Voluntary  Registration  of  Non- 
NIH  Projects. 

IV-D.  Procedures  for  Registration. 

IV- E.  Review. 

V.  Lowering  of  Containment  Levels  for 
Purified  DNA  and  Characterized 
Clones. 

V- A.  Purified  DNA  Other  Than  Plas- 
mids, Bacteriophages,  and  Other 
Viruses. 

V- B.  Characterized  Clones  of  DNA  Re- 
combinants. 

VI.  Exceptions  and  Exemptions  to  the 
Guidelines. 

VI- A.  Exceptions. 

VI-B.  Exemptions 

VI-C.  Requests  for  Exceptions  and  Ex- 
emptions. 

VII.  Illustration  of  Memorandum  of 
Understanding  and  Agreement. 

Appendix  C— NTH  Polices  and  Admin- 
istrative Procedures  fop.  Experi- 
ments Subject  to  the  NIH  Guide- 
lines 

The  policies  and  procedures  in  this 
appendix  appiy  only  to  recombinant 
DNA  research  subject  to  the  NIH 
guidelines  (see  Ft.  I of  the  guidelines). 

These  policies  and  procedures  are 
mandatory  for  all  recombinant  DNA 
research  conducted  at  institutions  re- 
ceiving any  funds  for  recombinant 
DNA  research  from  NIH.  This  appen- 
dix supersedes  previous  announce- 
ments published  in  the  October  17, 
1977.  and  February  15,  1978.  issues  of 
the  NIH  Guide  for  Grants  and  Con- 
tracts and  previous  notices  placed  in 
application  kits  for  Public  Health 
Service  research  and  training  grants. 

This  appendix  contains  NIH  policies 
and  procedures  in  effect  as  of  the  date 
of  publication  of  the  final  revised 
guidelines.  These  policies  and  proce- 
dures can  be  superseded  by  subsequent 
issuances.  For  current  NIH  policies, 
contact  the  NIH  Office  of  Recombin- 
ant DNA  Activities  (ORDA). 

I.  General  Requirements. 

A.  Institutional  Biosafety  Commit- 
tee U BCD.  Each  institution  at  which 
recombinant  DNA  research  subject  to 
the  guidelines  is  being  conducted  must 
have  a standing  biosafety  committee. 
Suggestions  for  the  composition  of 
such  a committee  are  discussed  under 
Part  IV  of  the  guidelines,  which  also 


NOTICES 

discusses  the  roles  and  responsibilities 
of  principal  investigators  and  institu- 
tions. A roster  of  the  members  of  the 
Institutional  Biosafety  Committee 
(IBC)  must  be  submitted  to  NIH. 

The  minim  tun  information  must  in- 
clude the  names,  addresses,  occupa- 
tions. qualifications,  and  curricula 
vitae  of  the  chairperson  and  members 
of  the  committee.  This  information 
must  be  submitted  to:  Office  of  Re- 
combinant DNA  Activities,  National 
Institutes  of  Health.  Room  4A52, 
Building  31,  Bcthesda,  Md.  20014. 

The  membership  of  IBC’s  is  subject 
to  review  by  ORDA  for  compliance 
with  recommendations  stated  in  the 
guidelines.  It  is  the  responsibility  of 
each  institution  to  update  this  infor- 
mation at  least  annually.  As  stipulated 
in  the  guidelines,  ORDA  will  assist  in 
the  formation  of  an  Area  Biosafety 
Committee  (ABC)  when  appropriate. 
Such  a committee  will  be  necessary 
when  additional  expertise  from  out- 
side a given  institution  is  necessary  for 
the  IBC  to  fulfill  its  functions. 

B.  Approval  and  Registration  of  Pro- 
jects. Central  to  the  implementation  of 
the  guidelines  is  the  review  of  pro- 
posed projects  by  the  IBC.  When  the 
IBC  has  approved  the  project,  the  ex- 
periments may  be  initiated  (except  for 
experiments  requiring  F4  physical 
containment,  which  require  prior  NIH 
approval:  special  procedures  cover 

NIH  awards,  see  sec.  II-D  below).  The 
institution  is  responsible  for  register- 
ing approved  projects  with  NIH. 
ORDA  will  review  approved  projects 
and  notify  investigators  and  institu- 
tions of  the  results  of  such  review. 
(See  sec.  II-B  for  requirements  for 
competing  and  noncompeting  NIH  ap- 
plications. See  sec.  II-E  for  changes  in 
ongoing  projects,  and  Pt.  TV  for  infor- 
mation on  registration.) 

II.  Requirements  and  Procedures  for 
NIH-Supported  Projects.  This  section 
describes  policies  and  procedures  lor 
projects  supported  by  NiH. 

A.  Memorandum  of  Understanding 
and  Agreement  (MU A).  Each  applica- 
tion to  the  National  Institutes  of 
Health  for  a project  which  involves  ex- 
periments subject  to  the  NIH  guide- 
lines for  recombinant  DNA  research 
(see  sec.  I-E  of  the  guidelines)  must  be 
accompanied  by  an  MUA  prepared  in 
the  format  shown  in  the  attached  il- 
lustration. Applicants  are  urged  to 
follow  the  sequence  and  format  of  the 
illustration  as  closely  as  possible. 

An  application  submitted  to  NIH 
without  an  attached  MUA  is  incom- 
plete and  will  not  be  reviewed  until  a 
properly  executed  MUA  is  provided. 

1.  Contents  of  an  MUA.  An  MUA 
must  contain  the  following  sections: 

a.  Description.  A description  of  each 
proposed  project,  and  the  name  of  the 
individual  investigator  responsible  for 
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the  research  if  other  than  the  princi- 
pal investigator. 

Descriptions  must  Include  informa- 
tion on: 

(1)  source(s)  of  DNA, 

(2)  nature  of  inserted  DNA  se- 
quences, and 

(3)  hosts  and  vectors  to  be  used. 

The  descriptions  must  be  sufficient 

to  provide  information  about  the  ex- 
periments without  need  for  reference 
to  other  documents.  Each  perform- 
ance site  must  be  identified  with  the 
name(s)  of  the  organization,  city,  and 
State.  Ordinarily,  no  more  than  two 
pages  of  description  for  each  series  of 
experiments  are  necessary. 

b.  Assessment  of  Containment 
Levels.  An  assessment  of  the  physical 
and  biological  containment  levels  re- 
quired by  the  current  NIH  guidelines 
for  each  series  of  experiments. 

c.  Statement  by  Principal  Investiga- 
tor. A specific  brief  statement  by  the 
principal  investigator  agreeing  to 
abide  by  the  provisions  of  the  NIH 
guidelines  and  the  requirements  con- 
tained in  this  appendix  concerning 
shipment  and  transfer  of  recombinant 
DNA  materials  (see  sec.  II-F  of  this 
appendix). 

The  principal  investigator  must  also 
attest  to  the  accuracy  of  the  informa- 
tion in  the  MUA  (see  illustration  in 
this  appendix). 

d.  Information  concerning  IBC 
review: 

(1)  When  facilities  are  in  existence,  a 
certification  is  required  indicating  that 
the  IBC  has  reviewed  the  facilities  and 
the  proposed  project(s)  and  found 
them  to  be  in  compliance  with  the 
NTH  Guidelines,  this  Appendix,  and 
other  specific  NIH  instructions.  The 
date  of  the  IBC  review  must  be  speci- 
fied. 

(2)  When  facilities  are  proposed  or 
are  under  construction  or  renovation 
at  the  time  of  the  application,  an  as- 
surance in  lieu  of  a certification  must 
be  provided.  The  assurance  indicates 
that  the  IBC  has  reviewed  the  pro- 
posed project  and  the  plans  for  the  fa- 
cilities proposed  or  under  construction 
or  renovation.  The  assurance  must  in- 
clude a statement  that  recombinant 
DNA  experimentation  will  not  occur 
until  the  completed  facility  has  been 
reviewed  by  the  IBC  and  an  amend- 
ment to  the  MUA  (i.e.,  the  certifica- 
tion described  in  subparagraph  (1)), 
has  been  submitted  to  NIH. 

NoTE:Some  MUA's  may  have  to  in- 
corporate a certification  as  well  as  an 
assurance  if  there  are  both  certified 
facilities  and  facilities  under  construc- 
tion or  renovation. 

e.  Statement  P-egarding  Continuing 
Compliance.  A statement  by  the  ap- 
propriate institutional  official  that  the 
IBC  will  insure  compliance  with  the 
Guidelines  throughout  the  duration  of 
the  project. 
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f.  Signature*.  The  signatures  of  the 
principal  Investigator,  the  IBC  chair- 
person. and  the  Institutional  offlclal(s) 
are  required. 

g.  Date  of  MUA.  The  date  of  the 
MU  A for  future  reference  will  be  the 
date  of  the  Institutional  official’s  sig- 
nature. 

2.  MU  A '*  for  Recombinant  DNA  Re- 
search at  Multiple  Site*.  When  re- 
search at  multiple  sites  Is  proposed, 
the  MUA  must  specify  where  each 
part  of  the  project  will  be  carried  out. 
When  research  Is  proposed  at  sites 
governed  by  other  than  the  applicant 
Institution,  signatures  of  the  appropri- 
ate officials  at  both  the  applicant  In- 
stitution and  the  instltutlon(s)  where 
the  recombinant  DNA  research  Is  to 
be  conducted  are  required.  The  signa- 
tures shall  Indicate  that  the  IBC’s  of 
each  of  the  Institution! a)  where  the  re- 
search is  to  be  performed  have  given 
the  certification  and/or  assurance  re- 
quired In  item  d of  the  MUA. 

2.  MUA *1  Associated  with  Individual 
Fellowship  Application*,  Research 
Career  Development  Award  Candi- 
date* ( RCDA ).  Research  Career  Awar- 
dee* (RCA  i.  and  Institutional  Nation- 
al Research  Service  Fellowship  Appli- 
cation*. When  projects  Involving  re- 
combinant DNA  technology  subject  to 
the  Guidelines  are  Involved,  fellowship 
applicants,  RCDA  candidates,  RCA’s, 
or  Program  Directors  for  Institutional 
National  Research  Service  Fellowship 
Applications  should  attach  to  the  ap- 
plication either  a copy  of  MUA(s)  al- 
ready submitted  to  the  N1H.  or  submit 
a new  MUA(s)  as  Indicated  below.  If  a 
copy  Is  submitted,  the  fellowship  ap- 
plicant, RCDA  candidate.  RCA.  or 
Program  Director  (If  other  than  the 
principal  Investigator)  must  sign  the 
MUA  copy  under  the  signature  of  the 
principal  Investigator. 

If  any  recombinant  DNA  work  Is 
proposed  other  than  that  Indicated  In 
an  existing  MUA(s),  a new  or  amended 
MUA  must  be  submitted  to  NIH  In  ac- 
cordance with  procedures  In  II-B  and 
II-E  of  this  Appendix.  These  proce- 
dures also  apply  to  experiments  using 
recombinant  DNA  technology  In 
courses  supported  by  an  Institutional 
fellowship. 

B.  .Submission  of  Memorandum  of 
Understanding  and  Agreement  (MUA). 

1.  Competing  Application*.  For  com- 
peting applications  Involving  recom- 
binant DNA  research  subject  to  the 
Guidelines,  an  MUA  must  be  submit- 
ted to  the  Division  of  Research 
Grants,  NIH.  with  the  application. 

X Noncompeting  Applications.  Each 
noncompeting  continuation  applica- 
tion Involving  recombinant  DNA  re- 
search subject  to  the  Guidelines  must 
be  accompanied  by  an  updated  MUA 
that  Indicates  that  the  IBC  has  re- 
viewed the  project  prior  to  submission 
of  the  application,  and  has  found  It 


still  In  compliance  with  NIH  Guide- 
lines. 

Important  Note  If  an  Investigator 
wishes  Immediately  to  Initiate  a proj- 
ect after  IBC  approval,  after  submit- 
ting a new  competing  application  to 
NIH.  the  procedures  for  registration 
of  non-NIH  projects,  described  In  sec- 
tion IV  of  this  Appendix,  must  also  be 
followed.  If  an  Investigator  wishes  Im- 
mediately to  Initiate  new  experiments 
In  an  ongoing  project,  an  MUA  must 
be  filed  with  NIH  within  30  days  of 
IBC  approval,  even  If  the  proposed  ex- 
periments are  described  In  an  MUA 
submitted  with  a noncompeting  or  a 
competing  renewal  application.  In  the 
latter  cases,  see  procedures  In  section 
II-E  of  this  Appendix,  dealing  with 
changes  In  ongoing  projects,  which 
must  also  be  followed. 

C.  Notation  on  Application*  for  Re- 
search and  Training  Grant*.  NIH  ap- 
plication forms  will  be  revised  to  In- 
clude a block  to  be  checked  Indicating 
whether  recombinant  DNA  research 
subject  to  the  Guidelines  Is  Involved. 
Until  such  time  as  revised  forms  are 
available,  applicants  should  specify  In 
capital  letters  at  the  bottom  of  the 
first  page  of  the  application  the  fol- 
lowing statement: 

APPLICATION  INVOLVES  EXPERIMENTS 

SUBJECT  TO  GUIDELINES  FOR  RECOMBIN- 
ANT DNA  RESEARCH 

D.  Award  Procedure*.  Prior  to 
award.  MUA's  will  be  reviewed  by 
ORDA  for  compliance  with  the  re- 
quirements of  the  Guidelines.  Notifi- 
cation of  the  status  of  NIH  review  of 
the  MUA  will  be  accomplished  by  one 
of  the  following  3 footnotes  on  the 
Notice  of  Grant  Award: 

Footnote  1.  "Protocols  In  MUA  dated 
I—  conform  to  standards  of  NTH 
Guidelines.’' 

Footnote  2.  "Protocols  In  MUA  dated 
—/—/—,  as  modified,  conform  to 
standards  of  NIH  Guidelines.’* 

Footnote  3.  “Protocols  In  MUA  dated 
—I— I—  do  not  conform  to  standards 
of  NIH  Guidelines.” 

Footnote  1 will  be  used  to  Indicate 
that  the  MUA  has  been  reviewed  by 
ORDA.  and  the  protocols  have  been 
found  to  conform  to  the  standards  set 
forth  In  the  Guidelines. 

Footnote  2 will  be  used  to  Indicate 
that  the  MUA  has  been  reviewed  by 
ORDA  and  that  certain  aspects  of  the 
MUA  do  not  conform  to  standards  set 
forth  In  the  Guidelines.  Use  of  this 
footnote  Indicates  that  NIH  has  noti- 
fied the  Institution  that  appropriate 
action  must  be  taken  to  bring  the  pro- 
tocols In  question  Into  compliance 
with  NIH  standards,  or  that  the  proto- 
cols In  question  must  not  be  carried 
out. 

Footnote  3 will  be  used  to  Indicate 
that  the  MUA  has  been  reviewed  by 
ORDA  and  the  protocols  have  been 


found  not  to  conform  to  standards  set 
forth  In  the  Guidelines.  This  footnote 
Indicates  that  the  proposed  experi- 
ments are  not  to  be  carried  out  until 
they  have  been  brought  Into  compli- 
ance with  NIH  standards,  and  a re- 
vised MUA  has  been  submitted  to  the 
NIH. 

E.  Changes  in  Ongoing  Projects. 
Changes  In  a project  subject  to  the 
Guidelines  must  be  reported  to  the 
IBC  by  the  principal  Investigator. 

1.  Protocols  for  Which  Containment 
Level*  are  Explicitly  Specified  by 
Guideline*.  The  procedures  described 
In  this  section  apply  only  to  research 
projects  for  which  containment  levels 
are  explicitly  stated  In  the  Guidelines 
or  In  announcements  from  ORDA, 
except  for  projects  requiring  P4  physi- 
cal containment,  which  require  NIH 
approval  prior  to  Initiation  of  the  re- 
search. 

Depending  upon  the  Judgment  of 
the  IBC  as  to  whether  the  proposed 
changes  are  major  or  minor,  the  proce- 
dures described  In  a and  b below  are  to 
be  followed. 

a.  Major  Changes.  A new  or  revised 
MUA  Is  required  for  Introduction  of 
recombinant  DNA  research  subject  to 
the  guidelines  Into  an  ongoing  project, 
or  for  significant  changes  In  the  re- 
combinant DNA  aspects  of  an  ongoing 
project.  Examples  of  changes  In  an  on- 
going recombinant  DNA  project  which 
would  require  the  filing  of  a new  or 
amended  MUA  would  Include  (I)  sig- 
nificant changes  in  hosts  or  vectors. 
(11)  significant  changes  In  the  donor 
species  or  the  nature  of  the  DNA  seg- 
ment being  selected.  (Ill)  major 
changes  In  the  physical  location  of  the 
experiments,  or  (iv)  a change  of  the  In- 
vestigator responsible  for  the  conduct 
of  the  experiments. 

For  such  changes  In  an  ongoing  proj- 
ect, a new  or  revised  MUA  must  be 
submitted  to  the  IBC.  Once  IBC  ap- 
proval has  been  obtained  for  other 
than  projects  requiring  P4  contain- 
ment. the  experiments  may  be  Initiat- 
ed. The  Institution  must  then  forward 
the  MUA  directly  to  the  program  ad- 
ministrator of  the  awarding  NIH 
Bureau.  Institute,  or  Division  within 
30  days  of  approval  by  the  IBC.  The 
MUA  must  Identify  the  project  by 
grant  number.  The  principal  Investiga- 
tor will  be  notified  by  letter  regarding 
the  NIH  review  of  the  new  or  revised 
MUA.  If  review  by  ORDA  finds  that 
an  MUA.  or  certain  aspects  of  an 
MUA.  do  not  conform  to  standards  set 
forth  In  the  guidelines,  the  principal 
Investigator  and  the  IBC  will  be  noti- 
fied. In  such  cases.  Immediate  action 
must  be  undertaken  to  bring  the  pro- 
tocols Into  compliance  with  NIH 
standards  or  the  experiments  In  ques- 
tion must  be  suspended. 

b.  Minor  Change*.  Principal  investi- 
gators should  submit  Information  or 
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minor  changes  in  research  protocols  to 
the  IBC.  Minor  changes  need  not  be 
reported  to  NIH  until  an  updated 
MUA  is  required  (see  section  II-B  of 
this  appendix). 

2.  Protocols  for  Which  Containment 
Levels  are  Not  Explicitly  Specified  by 
the  NIH  Guidelines.  Investigators  who 
wish  to  initiate  recombinant  DNA  ex- 
periments for  which  containment 
levels  are  not  explicitly  stated  in  the 
guidelines  or  in  announcements  from 
ORDA  must  obtain  approval  from  the 
NIH  prior  to  initiating  the  proposed 
experiments. 

Because  it  is  anticipated  that  the 
setting  of  containment  levels  for  this 
class  of  experiments  will  require 
review  by  the  Recombinant  DNA  Advi- 
sory Committee,  investigators  are 
strongly  urged  to  provide  to  ORDA  in 
writing  full  information  on  the  pro- 
posed experiments  prior  to  submission 
of  a formal  MUA. 

F.  Shipping  Requirements. 

Note. — Requirements  regarding  shipment 
and  transfer  of  recombinant  DNA  materials 
may  be  incorporated  by  reference  into  the 
MUA  (see  illustration  in  this  appendix). 

All  MUA's  must  indicate  that  the 
principal  investigator  (program  direc- 
tor, fellow,  or  candidate)  agrees  to 
comply  with  the  following  provisions 
pertaining  to  shipment  or  transfer  of 
recombinant  DNA  materials: 

1.  Prior  to  shipment  or  transfer  of 
recombinant  DNA  materials  within 
the  United  States,  the  sending  labora- 
tory shall  obtain  a written  statement 
from  the  requesting  laboratory  that: 

a.  Research  involving  recombinant 
DNA  molecules'  shall  be  conducted  in 
compliance  with  NIH  guidelines,  this 
appendix,  and  other  NIH  instructions, 
and 

b.  The  project  proposed  by  the  re- 
questing laboratory  has  been  reviewed 
and  approved  by  the  IBC  of  the  re- 
questing laboratory. 

2.  Prior  to  shipment  of  recombinant 
DNA  materials  to  a country  other 
than  the  United  States,  the  sending 
laboratory  shall  obtain  a statement 
from  the  requesting  laboratory  stating 
that  research  involving  recombinant 
DNA  molecules  shall  be  conducted  in 
accordance  with  the  containment 
levels  specified  by  the  NIH  guidelines, 
or  applicable  national  guidelines  if 
such  have  been  adopted  by  the  coun- 
try in  which  the  research  is  to  be  con- 
ducted. 

3.  The  sending  investigator  shall 
maintain  a record  of  all  shipments  of 
recombinant  DNA  materials. 

Note. — See  section  II-D-3  of  the  guide- 
lines for  restrictions  on  distribution  of  certi- 
fied host-vector  systems. 

III.  Policy  and  Procedures  for  Re- 
combinant DNA  Research  Supported 
by  NIH  and  Conducted  in  Foreign 
Countries. 


A.  Policy.  Many  countries  in  which 
NIH-supported  recombinant  DNA  re- 
search may  be  conducted  have  adopt- 
ed guidelines  for  the  conduct  of  this 
research  which  are  either  comparable 
to  or  based  on  principles  similar  to 
those  of  the  NIH  guidelines  for  recom- 
binant DNA  research.  Also,  many 
countries  have  existing  organizations 
and  procedures  to  review  and  register 
recombinant  DNA  research,  and  re- 
quire documentation  similar  to  that  of 
NIH.  If  such  guidelines  and  proce- 
dures exist  and  are  comparable  to  the 
NIH  guidelines,  review  and  approval 
by  the  appropriate  national  body  in 
the  country  in  which  the  research  is  to 
be  conducted,  in  general,  will  be  ac- 
cepted as  assurance  that  the  research 
will  be  conducted  in  a responsible 
manner  and  in  accord  with  national 
guidelines.  However,  NIH  reserves  the 
right  to  withhold  funding  if  the  safety 
practices  to  be  employed  are  not  rea- 
sonably consistent  with  the  NIH 
guidelines. 

B.  Requirements  and  Procedures  for 
NIH-Supported  Research  in  Countries 
with  Guidelines.  The  following  proce- 
dures apply  both  to  NIH  awards  in 
foreign  countries  and  to  U.S.  investiga- 
tors intending  to  conduct  recombinant 
DNA  research  with  NIH  support  in 
foreign  countries  which  have  adopted 
guidelines.  For  applications  for  NIH 
awards  in  foreign  countries,  the  re- 
quired documentation  (see  below)  may 
be  included  with  the  application,  or 
may  be  submitted  at  a later  date,  but 
must  be  submitted  prior  to  the  time  of 
award.  For  U.S.  investigators  intend- 
ing to  conduct  recombinant  DNA  re- 
search abroad,  the  documentation 
should  be  submitted  prior  to  initiation 
of  the  project. 

For  all  NIH-supported  research 
abroad  using  recombinant  DNA  tech- 
nology. a document  providing  the  fol- 
lowing information  must  be  submitted 
to  NIH: 

1.  A description  of  each  proposed 
project  and  the  individual  investigator 
responsible  for  the  research,  if  other 
than  the  principal  investigator.  De- 
scriptions should  indicate  the  sources 
of  DNA,  nature  of  inserted  DNA  se- 
quences, hosts  and  vectors  to  be  used, 
and  must  be  of  sufficient  detail  to  pro- 
vide information  about  the  research 
without  need  for  reference  to  other 
documentation.  Ordinarily,  no  more 
than  two  pages  of  description  for  each 
series  of  experiments  are  necessary. 

2.  An  assessment  of  the  level(s)  of 
physical  and  biological  containment 
required  by  the  guidelines  of  the  coun- 
try in  which  the  research  is  to  be  con- 
ducted. 

3.  Documentation  that  the  research 
project  is  in  compliance  with  the  ap- 
plicable national  guidelines  and,  where 
required,  has  been  registered  with  the 
appropriate  national  body  in  the  coun- 


try in  which  the  research  is  to  be  con- 
ducted. If  approval  of  the  national 
body  is  required  prior  to  initiation  of 
the  research,  the  documentation  must 
indicate  that  such  approval  has  been 
received. 

4.  The  signatures  of  both  a responsi- 
ble official  and  the  principal  investiga- 
tor. 

5.  The  date  of  signature  of  the  re- 
sponsible official.  This  will  become  the 
date  of  the  document  for  future  refer- 
ence. 

C.  Requirements  Regarding  Coun- 
tries Which  Have  Not  Adopted  Guide- 
lines. NIH  funds  may  not  be  used  for 
the  conduct  of  recombinant  DNA  re- 
search in  a country  which  has  not 
adopted  national  guidelines,  unless  the 
research  is  in  full  compliance  with 
NIH  Guidelines  and  the  procedures  re- 
quired for  U.S.  grant  applications  have 
been  fulfilled— i.e.,  establishment  of 
an  institutional  biosafety  committee, 
filing  of  an  MUA,  etc. 

IV.  Registration  of  Recombinant 
DNA  Projects. 

A.  NIH-Supported  Projects.  An  NIH- 
approved  MUA  will  constitute  registra- 
tion of  projects  awarded  by  NIH.  For 
immediate  initiation  of  projects  pend- 
ing with  NIH  see  "Important  Note” 
under  section  II-B  of  this  appendix. 

B.  Required  Registration  of  Non- 
NIH  Projects.  The  guidelines  require 
that  institutions  receiving  NIH  funds 
for  recombinant  DNA  research  shall 
inform  NIH  of  all  initiated  recombin- 
ant DNA  projects  subject  to  the  guide- 
lines (see  section  IV-C-1  of  the  guide- 
lines). For  these  projects,  the  required 
information  must  be  submitted  within 
30  days  of  the  IBC's  approval. 

C.  Voluntary  Registration  of  Non- 
NIH  Projects.  The  guidelines  stipulate 
that  any  institution  which  is  not  re- 
quired to  comply  with  the  guidelines 
may  nevertheless  register  with  the 
NIH  ongoing  projects  involving  recom- 
binant DNA  research  subject  to  the 
guidelines  (see  section  IV-C-2  of  the 
guidelines). 

D.  Procedures  for  Registration.  The 
procedures  in  this  section  apply  to  reg- 
istration of  projects  in  B and  C above. 
Because  non-NIH  projects  filed  with 
the  NIH  will  immediately  be  added  to 
the  register  of  ongoing  recombinant 
DNA  research,  institutions  may  regis- 
ter only  those  projects  which  are  on- 
going or  about  to  be  initiated.  Institu- 
tions should  not  submit  pending  pro- 
jects to  this  register. 

Institutions  must  register  these  pro- 
jects directly  with  ORDA.  It  is  the  re- 
sponsibility of  the  institution  to  insure 
that  this  information  is  accurate  and 
up-to-date  by  submitting  any  neces- 
sary revised  information  on  a timely 
basis.  Institutions  are  responsible  for 
notifying  ORDA  when  a project  is 
completed  or  terminated  so  that  it 
may  be  removed  from  the  register. 
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NOTICES 


For  registration  of  projects  de- 
scribed in  B and  C above,  the  follow- 
ing Information  must  be  submitted: 

1.  A short  title  for  the  project. 

2.  Registry  number  of  project. 

3.  Start  and  end  dates  of  the  project. 

4.  The  name  of  the  principal  investi- 
gator and  the  name  and  address  of  the 
institution,  including  the  department 
In  which  the  research  is  being  con- 
ducted and  the  location  of  the  project. 

5.  The  source  of  support  for  the 
project. 

6.  A description  of  each  project  and 
the  name  of  the  investigator  responsi- 
ble for  the  research.  Descriptions 
should  Indicate  information  on  the 
sources  of  DNA.  nature  of  Inserted 
DNA  sequences,  and  the  host-vector 
systems  being  used.  Ordinarily,  no 
more  than  two  pages  of  description  for 
each  series  of  experiments  are  neces- 
sary. 

7.  An  assessment  of  the  level(s)  of 
physical  and  biological  containment 
required  by  the  Guidelines  for  each 
series  of  experiments. 

8.  A statement  that  an  Institutional 
Biosafety  Committee  has  reviewed  the 
project  and  found  It  to  be  in  compli- 
ance with  the  NIH  Guidelines. 

9.  The  signatures  of  the  principal  In- 
vestigator. the  chairperson  of  the  IBC. 
and  the  institutional  official. 

10.  The  date  of  signature  by  the  In- 
stitutional official.  This  date  will  be 
used  for  reference  purposes. 

E.  Rerieic.  Institutions  will  be  noti- 
fied in  writing  of  ORDA's  review  of 
the  information  submitted  for  regis- 
tration of  recombinant  DNA  projects 
not  supported  by  NIH.  If  review  by 
ORDA  finds  that  the  protocols  do  not 
conform  to  standards  set  forth  In  the 
Guidelines,  the  institution  is  expected 
to  take  appropriate  action  to  bring  the 


protocols  into  compliance  with  NIH 
standards. 

V.  Lowering  of  Containment  Levels 
for  Purified  DNA  and  Characterized 
Clones. 

A.  Purified  DNA  Other  Than  Plas- 
mids, Bacteriophages,  and  Other  Vir- 
uses. 

The  Guidelines  stipulate  that  the 
formation  of  DNA  recombinants  from 
cellular  DNA's  that  have  been  purified 
and  which  are  free  of  harmful  genes 
can  be  carried  out  under  lower  con- 
tainment conditions  than  those  re- 
quired for  the  corresponding  shotgun 
experiment.  IBC  approval  is  sufficient 
for  such  a reduction  of  containment 
level,  except  for  (i)  primate  DNA, 
which  also  requires  prior  NIH  approv- 
al. or  (il)  any  lowering  of  containment 
to  levels  below  P1  + EK1.  which  also 
requires  prior  NIH  approval  (see  sec. 
III-A-3-a  of  the  Guidelines). 

The  IBC  must  notify  ORDA  In  writ- 
ing of  all  such  actions.  Many  of  these 
actions  will  be  in  the  context  of  sub- 
mission of  a new  or  revised  MUA. 

B.  Characterized  Clones  of  DNA  Re- 
combinants. The  Guidelines  permit 
IBC  s to  give  approval  for  a single-step 
reduction  in  physical  or  biological  con- 
tainment on  receipt  of  evidence  of 
characterization  of  a clone  derived 
from  a shotgun  experiment  and  its 
probable  freedom  from  harmful  genes 
(see  sec.  III-A-3-b  of  the  Guidelines). 
IBC  approval  is  sufficient  for  such  a 
reduction  except  for  (1)  primate  DNA 
which  requires  prior  NIH  approval,  or 
(il)  any  lowering  of  containment  to 
levels  below  P1  + EK1,  which  also  re- 
quires prior  NIH  approval.  The  IBC 
must  notify  ORDA  In  writing  of  all 
such  actions.  Such  notification  must 
clearly  indicate  the  name  of  the  prin- 
cipal investigator  and  the  project  sup- 
porting the  work. 


Reduction  of  containment  levels  by 
more  than  one  step,  use  of  primate 
DNA.  or  cases  involving  lowering  of 
containment  to  levels  below  P1+EK1 
require  prior  approval  by  NIH.  In  the 
latter  cases,  complete  information 
must  be  submitted  to  ORDA.  Many  of 
these  cases  are  expected  to  require 
review  by  the  RAC  at  its  next  sched- 
uled meeting. 

VI.  Exceptions  and  Exemptions  to 
the  Guidelines. 

A.  Exceptions.  Exceptions  to  prohib- 
ited experiments  require  express  ap- 
proval by  the  Director.  NIH.  on  recom- 
mendation of  the  RAC  after  appropri- 
ate notice  and  opportunity  for  public 
comment  (see  sec.  I-D  of  the  Guide- 
lines). 

B.  Exemptions.  Classes  of  exempt 
experiments,  which  are  not  covered  by 
the  Guidelines,  are  cited  in  section  I-E 
of  the  Guidelines.  It  is  anticipated 
that  additional  exemptions  for  specific 
experiments  which  fall  into  the  cate- 
gories cited  in  sections  I-E-4  and  I-E-5 
of  the  Guidelines  may  be  granted  by 
the  Director.  NIH,  on  the  recommen- 
dation of  the  RAC  and  after  appropri- 
ate notice  and  opportunity  for  public 
comment. 

C.  Requests  for  Exceptions  and  Ex- 
emptions. Requests  for  an  exception 
to  a prohibition  cr  an  exemption  from 
the  Guidelines  must  be  submitted  to 
ORDA  accompanied  by  adequate  doc- 
umentation. Because  the  handling  of 
requests  for  exceptions  and  exemp- 
tions will  probably  be  a time-consum- 
ing process,  investigators  are  strongly 
urged  to  discuss  the  proposed  request 
with  the  staff  of  ORDA  by  telephone 
In  advance  of  submission  of  a formal 
request.  Decisions  or  requests  for  ex- 
ceptions or  exemptions  will  be  pub- 
lished In  the  Recombinant  DNA  Tech- 
nical Bulletin. 
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NOTICES 


National  Institutes  or  Health.  Exvi- 

bonmextal  Impact  Assessment  or  a 

Proposal  To  Release  Revised  NIH 

Guidelines  roe  Research  Involtinc 

Recomxinant  DNA  Molecules 

rr  ERASED  BY  THE  OFT1CX  or  THE  D I REC- 
TO*. NATIONAL  INSTITUTES  OT 

health— July  ibtb 

Summary 

Mature  of  Document  Emironmental 
Impact  Assessment. 

Agency:  National  Institutes  of 

Health.  Public  Health  Service.  U S. 
Department  of  Health.  Educat.cn.  and 
Welfare. 

7>?e  of  Action : (X)  Administrative. 
( ) LefisiaUre. 

Description  of  Action:  Publication 
for  public  comment  of  proposed  re- 
vised Etude  lines  for  research  involving 
recombinant  DNA  molecules. 

Organization  of  Material:  Back- 

ground information  is  presented  on 
the  recombinant  DNA  process  and  on 
the  presumed  risks  and  demonstrable 
benefit*  of  this  basic  research  tech- 
nique. Next  the  proposed  revised 
guidelines  are  analyzed  according  to 
their  four  main  parts;  scope,  principles 
of  containment  of  possibly  hazardous 
agents,  proposed  changes  In  the  con- 
tainment for  experiments  to  be  cov- 
ered by  the  revised  guidelines,  and 
roles  and  responsibilities  of  investiga- 
tors and  institutions. 

Analysis  of  Alternatives.  For  each  of 
these  four  main  parts,  the  assessment 
is  presented  under  four  sections:  anal- 
ysis of  the  current  Guidelines  (in 
effect  since  June  23.  1979 r.  alterna- 
tives (revisions)  proposed  by  the  .VI H 
Recombinant  DNA  Advisory  Commit- 
tee ' RAC)  ! Federal  Register.  Septem- 
ber 27.  1977);  alternatives  proposed  by 
the  Director  J67H.  after  full  considera- 
tion of  scientific  evidence,  public  com- 
ments. and  the  testimony  taken  in  1 1 
day  meeting  of  the  Director's  Advisory 
Committee  (DAC)  at  which  scientists 
of  various  disciplines,  representatives 
of  environmental  groups,  and  other 
witnesses  discussed  the  RAC  propos- 
als: and  finally,  the  projected  environ- 
mental impact  of  research  to  be  con- 
ducted under  the  NTH  Director's  pro- 
posed guide  lines.  Appendix  A wHJ  aid 
in  comparing  the  conts  nment  levels 
under  the  current  guidelines  with 
those  under  the  two  alternatives.  Ap- 
pend ix  B shows  how  those  alternatives 
would  have  affected  all  NTH-funded 
recombinant  DNA  experiments  active 
m December  1977. 

f snron’neelcf  Impact  of  the  Pro- 
posed Action:  As  can  best  be  deter- 
mined from  all  evidence  compiled  to 
date  and  analyzed  in  numerous  scien- 
tific and  public  forums,  there  will  be 
no  adverse  environmental  impact  from 


recombinant  DNA  research  conducted 
under  the  Director's  proposed  revi- 
sions. The  Z-vironmeniol  Impact 
Statement  cn  N1H  Guidelines  for  Re- 
search Involving  Recombinant  DMA 
MolecvJes.  issued  in  October  1977.  pre- 
dicted that  the  environmental  impact 
of  research  conducted  under  the  1976 
NIH  Guidelines  would  be  the  contin- 
ued prelection  of  the  laboratory 
worker,  the  general  public,  and  the  en- 
vironment from  conjectural  hazards. 
So  far.  this  prediction  has  been  con- 
firmed; We  know  of  no  scientists  con- 
ducting recombinant  DNA  research  in 
the  United  States  or  other  countries 
who  are  not  following  the  NIH  or  com- 
parable guidelines,  and  ro  untoward 
effect  of  the  research  has  re*  n report- 
ed. Meanwhile,  new  scientiftc  evidence 
as  well  as  extern. vc  experience  to  oper- 
ating under  the  NIH  Guidelines  indi- 
cate that  revisions  are  in  croer.  The 
predictable  effect  of  continued  use  of 
reccmb'nant  DNA  techniques  under 
the  Directors  proproed  revisions 
would  be  a greater  realization  of  the 
benefits  of  this  valuable  tool  without 
compromise  of  safety. 

Contents 

Po  reward 

The  Recombinant  DNA  Experimental 
Process 

Risks  and  Benefits  of  Recombinant 
DNA  Research. 

Analysis  of  Alternatives  and  Impact  of 
Proposed  Guidelines. 

I.  Scope  of  the  Guidelines. 

Analysis  of  Current  Guidelines. 

Alternatives  RAC-Proposed  Re- 
visions. 

AitemaHves  Public  Commenta- 
tors 

Proposed  Action;  Environmental 
Impact  Assessment 

II.  Containment 

Analysts  of  Current  Guidelines. 

Alternatives;  RAC-Proposed  Re- 
visions. 

Alternatives;  Public  Commenta- 
tors. 

Proposed  Action  Environmental 
Impact  Assessment. 

III.  Containment  Guidelines  for 
Covered  Experiments. 

Analysis  of  Current  Guidelines. 

Alternatives;  RAC-Proposed  Re- 
visions. 

Alternatives;  Public  Commenta- 
ti  n 

Proposed  Action;  Environmental 
Impact  Assessment. 

IV.  Roles  and  Responsibilities. 

Analyse  of  Current  Guidelines. 

Alternatives:  RAC-Proposed  Re- 
visions. 

Alternatives:  Public  Commenta- 
tors. 

Prc  posed  Action:  Environmental 
Impact  Assessment. 

Appendices 


A Comparison  of  Containment  Levels. 
B Class; float  on  cf  NIH-Funded  Ex- 
periments as  of  December  1977. 

C.  Comments  and  Responses  cn  the 
EIS.  from  the  DAC  Meeting  of  De- 
cember 15-16.  1977. 

D D.scusuion  of  the  List  of  Exchang- 
ers Constituting  Appendix  A to  the 
Guidelines. 

El  Report  of  C.S  EMSO  Workshop  to 
Assess  Risks  for  Recombinant  DNA 
Experiments  Involving  the  Genomes 
of  Animal.  Plant,  and  Insect  Viruses 
F Report  of  the  Virus  Working  Group 
Sporuored  by  the  Recombinant  DNA 
Advisory  Committee. 

G Report  of  the  Recombinant  DNA 
Advisory  Committee  Workshop  on 
Risk  Assessment  of  Agricultural 
Patnogens. 

PosrwcsD 

In  June  1976  the  National  Institutes 
cf  Health,  with  the  concurrence  of  the 
Secretary  of  Health.  Education,  and 
Welfare  and  the  Ass>stan:  Secretary 
for  Health,  issued  guidelines  to  govern 
the  conduct  of  NTH -supported  re- 
search involving  recombinant  DNA 
molecules.  These  guidelines  stated 
that  they  would  be  subjected  to  peri- 
odic review  (at  least  annually)  and 
modified  to  reflect  improvements  In 
our  knowledge  of  the  potential  bioha- 
zards and  of  the  available  safeguards." 
Since  that  time,  a number  of  scientific, 
administrative,  and  legislative  events 
have  occurred  that  should  be  summa- 
rized at  the  outset,  for  they  are  re- 
flected in  the  revisions  of  the  NIH 
guidelines  as  proposed,  first  by  the  Re- 
combinant Advisory  Committee  and 
currently  by  the  Dtreetor.  NIH 
Recombinant  DNA  experiments 
have  proceeded  in  htmdreds  of  labora- 
tories throughout  the  world.  The  sub- 
ject has  been  discussed  and  debated  in 
countless  meetings,  and  the  public  has 
been  consulted  as  well  as  the  scientific 
community.  NTH  has  taken  into  ac- 
count public  comments  in  preparing 
the  original  guidelines,  an  environ- 
mental impact  statement  .EIS).  and 
the  proposed  Director's  revision. 

One  of  the  mas:  important  recent 
developments  has  been  the  careful 
scrutiny,  from  a very  broad  point  of 
view,  of  the  premises  upon  which  the 
original  guidelines  were  based.  Thus, 
the  molecular  biologists,  who  Hrst 
raised  questions  about  the  safety  of  re- 
combinant research,  have  new  had 
greater  opportunity  to  consider  their 
concerns  m the  company  of  many  ex- 
perts on  infectious  disease,  epicemio- 
lory.  viruses,  plants,  laboratory  safety 
practices,  ecology,  and  other  relevant 
disciplines. 

Prom  all  of  these  activities  have 
emerged  certain  important  facts.  For 
one.  no  evidence  has  come  to  light 
that  any  of  the  thousands  of  individu- 
al recombinant  DNA  denes  construe t- 
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ed  over  the  ls»t  5 years  have  yielded  a 
product  harmful  to  man  or  the  envi- 
ronment. On  the  other  hand,  many  ex- 
amples of  useful  knowledge  obtained 
through  soch  techniques  continue  to 
accumulate  rapidly. 

Scientific  developments 

No  scientific  evidence  not  considered 
in  the  promulgation  of  the  guidelines 
has  emerged  to  support  the  fears  that 
the  use  of  these  techniques  will  create 
a harmful  product.  On  the  contrary, 
scientific  information  has  been  devel- 
oped over  the  part  2 years  that  lessens 
concern  over  the  possible  environmen- 
tal hazard.  Dr.  Roy  Curtiss,  professor 
of  microbiology  at  the  University  of 
Alabama  School  of  Medicine  in  Bir- 
mingham, and  others  have  demon- 
strated that  biological  containment 
measures— methods  developed  to 

weaken  bacteria  u*ed  in  the  experi- 
ments—do  prevent  these  bacteria  from 
surviving  in  a natural  environment, 
and  would  do  so  if  they  escaped  from 
the  laboratory. 

While  the  probability  of  doing  harm 
with  laboratory  recombination  of 
genes  has  not  been,  and  never  will  be, 
reduced  to  aero,  we  have  reached  a 
point  where  the  burden  of  proof  is 
shifting  toward  those  who  w’ould  re- 
strict such  activities.  The  eareful  in- 
terpretation af  evidence  obtained 
before  and  after  June  1978  has  re- 
duced to  Inconsequential  levels  the 
probabilities  that  E.  coli  K-12,  the 
host  most  used  in  recombinant  DNA 
experiments  can  be  converted  to  an 
epidemic  pathogen.  Much  of  the  rele- 
vant data  and  their  discussion  by  ex- 
perts are  now  available  in  the  pub- 
lished proceedings  of  an  NIH-spon- 
sored  meeting  in  Falmouth,  Mass.,  on 
June  29-11.  1977  (Journal  of  Infec- 
tious Diseases,  May  1976). 

The  Falmouth  conference  brought 
out  evidence  that  the  risk  of  trans- 
forming E.  coli  K-12  into  a pathogen 
Is  minimal,  either  for  laboratory  per- 
sonnel or  the  public  at  large.  Dr.  Sher- 
wood Gorbach,  chairman  of  the  con- 
ference, has  reported  that  there  was 
scientific  sonseMus  on  this  matter 
among  all  In  attendance,  ineluding  mi- 
crobiologists who  work  with  disease- 
producing  bacteria. 

Much  of  the  concern  expressed 
about  recombinant  DNA  experiments 
relates  to  tho  creation  of  novel  organ- 
isms in  the  laboratory.  Additional  evi- 
dence, however,  suggests  that  the  re- 
combinatkme  of  DNA  produced  in  the 
laboratory  may  be  very  similar  to 
many  that  occur  tn  nature.  If  further 
work  confirms  and  extends  this  evi- 
dence, then  the  concern  about  creat- 
ing novel  forms  of  life  will  be  put  into 
a new  perspective. 

Administrative  developments 
Implementation  of  the  NIH  guidelines 


The  current  NIH  guidelines  provide 
not  only  explicit  instructions  about 
the  conduct  of  experiments,  but  also 
an  administrative  framework  for  their 
implementation.  They  set  out  the  re- 
spective responsibilties  of  the  princi- 
pal investigator,  the  institution  where 
the  work  is  conducted  (including  the 
institutional  biohazard  committee), 
the  NIH  Recombinant  DNA  Advisory 
Committee  (or  simply  "Recombinant 
Advisory  Committee”  or  "RAC,”  the 
technical  body  responsible  for  propos- 
ing the  guidelines),  and  the  NIH  staff. 

The  NIH  Office  of  Recombinant 
DNA  Activities  (ORDA)  was  estab- 
lished to  coordinate  the  administra- 
tion of  NIH  policies  and  procedures 
for  safe  utilization  of  recombinant 
DNA  technology  in  research.  Dr.  Wil- 
liam Gartland  is  Director  of  ORDA. 
Over  the  2 years  the  implementation 
of  the  guidelines  by  participants  in 
this  research  has  proceeded  well.  Ap- 
proximately 130  institutions  where 
NIH-supported  research  is  taking 
place  have  established  institutional 
biohazard  committees,  and  approxi- 
mately 350  projects  are  involved. 

Over  the  past  2 years  administrative 
practices  have  evolved  to  deal  with  re- 
quirements of  the  guidelines.  One  of 
the  requirements  is  a means  for  inter- 
pretation. The  standards  in  the  guide- 
lines are  very  explicit  about  the  con- 
duct of  permissible  experiments.  Still, 
questions  of  interpretation  continue  to 
arise  and  must  be  dealt  with.  Our  de- 
termination to  assure  that  the  experi- 
ments comport  with  the  standards  of 
the  guidelines  has  necessitated  a 
number  of  administrative  delays  in 
acting  on  research  protocols. 

Another  area  of  difficult  administra- 
tion has  been  certification  of  new 
host-vector  systems.  These  represent 
microorganisms  weakened  by  various 
methods  to  prevent  their  survival  were 
they  to  escape  from  their  specially 
contained  environment  in  the  labora- 
tory. Under  the  current  guidelines,  the 
Recombinant  Advisory  Committee 
must  review  all  applications  for  new 
host-vector  systems  and  recommend 
for  certification  those  that  meet  the 
relevant  criteria. 

Undoubtedly  the  presence  of  the 
guidelines  and  their  implementation 
have  caused  some  experiments  to  be 
postponed  and  some  scientific  work  to 
be  delayed.  At  the  same  time,  NIH, 
having  embarked  upon  this  conserva- 
tive course,  believes  it  must  guarantee 
the  integrity  of  the  administrative 
safeguards  and  see  that  due  process  is 
observed  in  implementation. 

Policy  issues 

Three  key  policy  issues  concerning 
recombinant  DNA  research  have  domi- 
nated NIH  attention  during  the  ad- 
ministration of  the  NIH  Guidelines. 
They  are  the  determination  of  the  en- 


vironmental impact,  if  any.  of  the  NIH 
Guidelines  and  the  research  conducted 
thereunder;  the  patenting  of  recom- 
binant DNA  research  inventions  devel- 
oped under  Federal  support;  and  the 
extension  of  the  NIH  Guidelines  na- 
tionally through  existing  regulation  or 
new  legislation.  Discussions  of  these 
policy  issues  follow: 

National  Environmental  Policy  Act 
( NEPA ).  In  accordance  with  the  Na- 
tional Environmental  Policy  Act  of 
1969  (NEPA),  NIH  undertook  an  envi- 
ronmental impact  assessment  of  envi- 
ronmental effects,  if  any,  of  the  origi- 
nal NIH  Guidelines.  A draft  environ- 
mental impact  statement  was  pub- 
lished in  the  Federal  Register  in  Sep- 
tember 1976  for  public  review  and 
comments.  On  the  basis  of  the  com- 
ments received,  NIH  published  a final 
EIS  in  October  1977. 

During  the  development  of  the  EIS, 
two  suits  under  NEPA  were  brought 
against  the  Department.  One  suit,  in 
the  Federal  District  Court  in  New 
York,  alleged  that  NIH  failed  to 
comply  with  NEPA  by  not  completing 
an  EIS  before  supporting  recombinant 
DNA  research  and  before  releasing  the 
original  guidelines.  The  Government 
has  answered  the  allegations,  and  the 
case  is  pending  in  New  York. 

The  second  suit  filed  in  the  Federal 
District  Court  in  Washington,  D.C.,  by 
a resident  of  Frederick,  Md.,  sought  an 
injunction  to  prevent  NIH  from  con- 
ducting a risk-assessment  experiment 
at  the  Frederick  Cancer  Research 
Center  without  first  filing  an  environ- 
mental impact  statement.  On  Febru- 
ary 23,  1973,  a decision  was  rendered 
by  the  U.S.  District  Court  against  the 
issuance  of  an  injunction,  and  this  de- 
cision was  affirmed  by  the  U.S.  Court 
of  Appeals  on  March  8,  1978.  It  was 
the  decision  of  the  court  that  recom- 
binant DNA  research  was  beneficial, 
that  the  experiment  under  question 
was  important,  and  that  it  posed  no 
substantial  risk.  The  court  went  on  to 
state  that  "the  Recombinant  DNA  Re- 
search Guidelines  represent  an  effort 
by  many  scientists  to  evaluate  the  haz- 
ards and  provide  safe  methods  for 
their  control.  The  record  reflects  that 
NIH  has  carefully  considered  the  po- 
tential risks  of  this  experiment  under 
the  guidelines  and  has  taken  the  nec- 
essary precautions  * * *.  The  EIS  does 
represent  a ‘hard  look’  by  NIH  at  re- 
combinant DNA  research  performed 
in  accordance  with  its  guidelines.  It 
appears  that  compliance  with  the  NIH 
guidelines  will  insure  that  no  recom- 
binant DNA  molecules  will  escape 
from  the  carefully  controlled  labora- 
tory to  the  environment.” 

Patent  Policy.  Shortly  before  release 
of  the  NIH  Guidelines  in  June  1976, 
NIH  received  a letter  from  Stanford 
University  noting  that  both  Stanford 
and  the  University  of  California  were 
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applying  for  patent  protection  for  re- 
combinant DNA  inventions  developed 
by  their  NIH-supported  investigators, 
and  asking  NIH  to  review  relevant 
DHEW  policies.  In  view  of  the  intense 
public  interest  in  this  research  gener- 
ally. the  two  universities  felt  the  need 
for  a formal  advisory  opinion  on  the 
patenting  of  such  inventions  devel- 
oped under  NIH  grants  or  contracts.  A 
number  of  other  universities  indicated 
similar  interest  in  obtaining  the  offi- 
cial NIH  view. 

Prior  to  making  an  official  pro- 
nouncement of  DHEW-NIH  policy 
with  respect  to  patenting  of  recombin- 
ant DNA  research  inventions.  NIH  de- 
cided to  solicit  comments  from  a broad 
range  of  individuals  and  institutions. 
An  analysis  of  the  comments  received 
was  completed  in  December  1976  and 
was  referred  to  the  Federal  Inter- 
agency Committee  on  Re-  comblnant 
DNA  Research. 

When  the  guidelines  were  released 
in  June  1976.  a key  public  issue  was 
their  extension  to  the  rest  of  the 
public  and  private  sectors.  Commenta- 
tors whose  views  were  solicited  agreed 
that  there  must  be  standards  to 
govern  recombinant  DNA  research 
and  that  the  NIH  Guidelines  could 
provide  the  standards  for  such  re- 
search nationally.  They  were  divided, 
however,  on  whether  to  approach  that 
goal  through  the  use  of  patent  agree- 
ments. They  noted  that  the  implemen- 
tation of  the  NIH  Guidelines  through 
licenses  granted  under  patents  would 
be  awkward  at  best  and  only  a partial 
solution. 

The  Interagency  Committee  mem- 
bers reviewed  the  matter  in  April  and 
May  of  1977.  Most  members  voiced 
strong  support  for  DHEW  policies  gov- 
erning Institutional  Patent  Agree- 
ments (IPA's).  and  all  except  represen- 
tatives of  the  Department  of  Justice 
believed  that  recombinant  DNA  inven- 
tions should  be  considered  within  the 
existing  terms  of  the  IPA.  The  Justice 
Department  opinions  rested  heavily  on 
a draft  bill  originally  proposed  by  Sen- 
ator Kennedy  for  the  regulation  of  re- 
combinant DNA  research  activities. 
Specifically,  Justice  referred  to  the 
patent  sections  of  this  bill  that  were 
based  on  the  concept  of  Government 
ownership  of  recombinant  DNA  re- 
search Inventions.  In  subsequent  ver- 
sions of  this  bill,  however,  all  refer- 
ences to  patents  were  eliminated. 

On  the  basis  of  the  review  by  the 
Interagency  Committee  and  by  the  As- 
sistant Secretary  for  Health  and  the 
General  Counsel  for  DHEW.  it  was  de- 
cided that,  at  least  for  the  present,  re- 
combinant DNA  research  inventions 
developed  under  DHEW-NIH  support 
should  continue  to  be  administered 
within  current  DHEW  patent  agree- 
ments with  universities.  Each  agree- 
ment, however,  will  be  amended  to 


permit  the  institution  to  grant  a li- 
cense under  patents  secured  on  any 
such  invention  only  if  the  licensee  pro- 
vides assurance  of  compliance  with  the 
physical  and  biological  containment 
standards  set  forth  in  the  guidelines. 
Thus,  the  requirements  set  for  NIH 
grantees  and  contractors  will  thus  be 
honored  by  licensees  as  well. 

Legislative  Developments.  The  Fed- 
eral Interagency  Committee  on  Re- 
combinant DNA  Research  recommend- 
ed in  March  1977  that  legislation  be 
passed  to  extend  the  standards  of  the 
NIH  Guidelines  to  all  recombinant 
DNA  activities  in  the  public  and  pri- 
vate sectors.  On  the  basis  of  the  rec- 
ommendations. legislation  was  devel- 
oped under  HEW  Secretary  Joseph  A. 
Califano,  Jr.,  and  an  Administration 
bill  was  introduced  in  the  Congress. 
The  bill  was  considered  in  Congres- 
sional hearings:  other  bills  on  the  sub- 
ject were  introduced.  After  several  re- 
drafts by  the  relevant  subcommittees 
during  1977.  a Senate  bill  was  reported 
to  the  Floor  and  a House  bill  was  re- 
ported to  the  full  Committee. 

The  two  bills  reported  out  contained 
many  elements  of  the  original  Admin- 
istration bill.  A number  of  differences 
emerged,  however,  that  would  neces- 
sarily Involve  a greater  administrative 
burden  and  some  further  delays  and 
duplication  in  handling  the  highly 
technical  matters  involved  in  stand- 
ard-setting and  monitoring. 

Pending  legislation  introduced  in 
1978  provides  the  most  promising  solu- 
tion yet  available  for  establishing  na- 
tional standards  for  the  use  of  recom- 
binant DNA  techniques.  The  bill  H.R. 
11192  was  reported  by  the  Committee 
on  Interstate  and  Foreign  Commerce 
on  March  24.  1978.  It  is  an  interim  2- 
year  measure  that  provides  for  sensi- 
ble regulation  and  public  oversight.  It 
was  referred  to  the  Committee  on  Sci- 
ence and  Technology,  was  considered 
by  its  Subcommittee  on  Science.  Re- 
search and  Technology  for  a period  of 
21  days,  and  was  reported  from  the 
Committee  for  House  action  on  April 
21.  H.R.  11192  reflects  new  scientific 
information  and  administrative  devel- 
opments since  the  release  of  the  NIH 
Guidelines  in  June  1976.  The  general 
administrative  structure  of  the  guide- 
lines and  the  standards  for  biological 
and  physical  containment  are  en- 
dorsed for  purposes  of  regulation. 
Thus,  flexible  regulation  with  national 
standards  is  the  intent  of  the  bill. 

International  activities 

During  the  legislative  hearings  on 
recombinant  DNA  research,  a number 
of  questions  were  raised  concerning  in- 
ternational activities  in  this  field.  In 
light  of  this  interest,  the  Federal 
Interagency  Committee,  at  the  request 
of  representatives  from  the  State  De- 
partment, undertook  a review  of  activ- 


ities in  other  countries.  This  review 
was  the  basis  for  a Committee  report 
issued  in  November  1977  on  recombin- 
ant DNA  activities  throughout  the 
world,  with  recommendations  for  fos- 
tering common  safety  standards.  Sci- 
entists abroad,  as  in  the  United  States, 
have  played  a major  role  in  bringing 
potential  hazards  of  recombinant  DNA 
research  to  the  attention  of  scientists, 
governments,  and  international  orga- 
nizations. 

The  issue  of  recombinant  DNA  re- 
search has  been  studied  by  national 
and  international  bodies.  In  many 
cases  some  form  of  control  has  been 
adopted,  but  nowhere  has  the  research 
been  totally  banned.  The  United  King- 
dom. Canada.  France,  the  Federal  Re- 
public of  Germany,  and  the  Soviet 
Union  have  issued  guidelines  that 
differ  in  detail  but  are  similar  concep- 
tually to  the  NIH  Guidelines.  Other 
countries  are  generally  following  the 
NIH  or  U.K.  Guidelines,  including 
Denmark,  the  Netherlands.  Israel, 
Sweden,  and  Switzerland.  The  Europe- 
an Science  Foundation  (ESF)  has  en- 
dorsed the  U.K.  Guidelines:  the  Euro- 
pean Molecular  Biology  Organization 
(EMBO)  has  endorsed  use  of  either 
the  U.K.  or  the  NIH  Guidelines:  and 
the  International  Council  of  Scientific 
Unions  (ICSU)  and  the  World  Health 
Organization  (WHO)  have  urged  na- 
tions to  adopt  the  principles  that 
these  two  sets  of  guidelines  embody. 

As  of  the  summer  of  1977.  there 
were  an  estimated  150  research  pro- 
jects using  recombinant  DNA  tech- 
niques under  wray  in  Europe.  300  in 
the  United  States,  and  perhaps  20-25 
altogether  in  Australia.  Japan,  and  the 
Soviet  Union.  All  appear  to  be  con- 
ducted under  some  form  of  safety 
practices  and  procedures. 

A number  of  national  and  interna- 
tional activities  foster  the  monitoring 
of  recombinant  DNA  research  for  pur- 
poses of  safety  and  health.  In  the 
United  Kingdom,  the  government's 
health  and  safety  executive  will  be  re- 
sponsible after  October  1978  for  insur- 
ing that  the  standards  of  the  United 
Kingdom  Genetic  Manipulation  Advi- 
sory Group  (GMAG)  are  followed  in 
matters  relating  to  safety  of  employ- 
ees and  the  general  public.  The 
GMAG.  consisting  of  representatives 
from  the  scientific,  public,  and  private 
sectors,  reviews  recombinant  DNA  re- 
search projects  for  conformance  to  ap- 
propriate safety  standards  and  prac- 
tices. Similar  advisory  groups  have 
also  been  established  in  other  Europe- 
an countries,  and  efforts  are  underway 
to  identify  appropriate  governmental 
bodies  to  insure  compliance  with 
GMAG  standards. 

Proposed  Revised  Guidelines 
The  RAC-proposed  revisions 
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In  December  1975  the  Recombinant 
Advisory  Committee  recommended 
proposed  guidelines  for  review  and  de- 
cision by  the  Director,  NIH.  To  assist 
in  the  review,  a special  meeting  of  the 
Advisory  Committee  to  the  Director, 
NIH,  was  convened  in  February  1976. 
Members  of  the  committee  represent- 
ed not  only  science  but  such  other  dis- 
ciplines as  law\  ethics,  and  consumer 
affairs.  Comments  received  from  com- 
mittee members  and  a number  of 
public  witnesses  represented  a wide 
range  of  views.  A number  of  issues 
were  referred  back  to  the  Recombin- 
ant Advisory  Committee  for  their  com- 
ments in  April  1976.  On  the  basis  of  all 
the  comments  received  and  the  re- 
sponses of  the  RAC,  the  NIH  guide- 
lines were  finalized  by  the  Director, 
NIH,  and  released  in  June  1976  along 
with  an  extensive  “Decision  docu- 
ment.” 

In  1977  the  Recombinant  Advisory 
Committee,  in  accordance  with  its 
mandate  in  the  original  guidelines, 
began  the  process  of  proposing  revi- 
sions to  them.  A subcommittee  of  the 
RAC  held  open  meetings  in  March  and 
April.  Following  this,  the  proposed  re- 
visions were  considered  and  revised  by 
the  full  committee  at  open  meetings  in 
May  and  June.  On  September  1,  1977, 
the  RAC’s  proposed  revised  guidelines 
were  referred  to  the  Director,  NIH,  for 
consideration  and  decision. 

These  proposed  guidelines  were  pub- 
lished in  September  for  comment  in 
the  NIH  Recombinant  DNA  Technical 
Bulletin.  The  bulletin  is  a new  NIH 
publication  that  links  recombinant 
DNA  investigators  in  the  United 
States  and  abroad  with  the  advisory 
groups  and  organizations  active  in  this 
field.  To  provide  further  opportunity 
for  public  comment,  the  proposed  re- 
vised guidelines  were  published  in  the 
Federal  Register  on  September  27, 
1977  (42  FR  49596).  The  revisions  pro- 
posed by  the  RAC  are  described  in 
detail  in  the  following  assessment,  but 
the  key  changes  can  be  summarized  as 
follows: 

Definition.  A new  definition  was  pro- 
posed to  cover  only  “novel  recombin- 
ant DNA”— namely,  DNA  segments 
from  species  not  known  to  exchange 
chromosomal  DNA  by  natural  physio- 
logical processes.  Accordingly,  a class 
of  recombinant  DNA,  to  be  exempt 
from  the  guidelines,  would  have  to 
appear  on  a list  of  “non-novel  ex- 
changers.” 

Physical  Containment.  revisions 
here  incorporated  the  philosophy  and 
guidance  of  the  report  by  NIH  and  the 
European  Molecular  Biology  Organi- 
zation (EMBO)  on  the  requirement  of 
physical  containment.  A number  of  re- 
visions were  also  made  in  the  organiza- 
tion of  this  section. 

Biological  Containment.  This  sec- 
tion was  expanded  from  the  1976 
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guidelines  to  include  (l)a  new  nomen- 
clature—HV1,  HV2,  and  HV3— incorpo- 
rating a variety  of  host-vector  systems 
into  the  framework  initially  estab- 
lished for  E.  coll  K-12;  (2)  a more  re- 
strictive set  of  requirements  for  HV3 
host-vector  systems;  and  (3)  a new  sec- 
tion describing  mechanisms  for  certifi- 
cation of  host-vector  systems. 

Prohibited  Experiments.  A major 
recommendation  would  allow  the  Di- 
rector, NIH,  to  exercise  discretion  in 
permitting  exceptions  to  the  prohibit- 
ed experiments,  as  in  studies  of  risk  as- 
sessment. 

Permissible  Experiments.  On  the 
basis  of  the  scientific  evidence  on  the 
safety  of  E.  coli  K-12,  some  categories 
of  experiments  were  classified  at  lower 
containment  levels.  Several  other  cate- 
gories, however,  remained  the  same  as 
in  the  current  guidelines.  For  certain 
categories,  discretion  was  permitted  by 
the  investigator,  and  some  categories 
of  experiments  were  exempted. 

Implementation.  Several  changes 
were  recommended  in  the  responsibil- 
ities for  the  local  institution.  The  rec- 
ommendations included  requirements 
for  training  of  research  personnel,  cri- 
teria for  determining  the  need  for 
medical  procedures,  clarification  of 
membership  on  institutional  bio-  haz- 
ards committees,  and  the  require- 
ments for  a biological  safety  officer 
where  work  is  being  done  at  the  P3 
and  P4  levels. 

The  NIH-proposed  revisions 

The  proposed  revisions  by  the  Re- 
combinant Advisory  Committee  were 
published  in  the  Federal  Register  for 
comment  on  September  27,  1977  (42 
FR  49596),  and  notice  of  a public  hear- 
ing was  published  in  the  Federal  Reg- 
ister on  November  22,  1977  (42  FR 
59918).  In  December  the  RAC-pro- 
posed revisions  were  considered  by  the 
Advisory  Committee  to  the  Director, 
NIH  (DAC)  at  a hearing  attended  by 
scientific  experts  and  public  witnesses. 
As  at  the  1976  hearing  of  the  DAC, 
the  membership  was  augmented  to 
assure  that  the  committee's  perspec- 
tives included  sufficient  expertise  and 
opinion  on  relative  scientific,  environ- 
mental, occupational,  and  public 
policy  issues.  In  addition,  special  ar- 
rangements for  the  meeting  included 
inviting  12  witnesses  to  represent  in- 
dustrial research,  academic  research, 
labor,  and  environmental  groups.  A 
number  of  others  requested  the  oppor- 
tunity to  contribute  their  views  and 
testified  at  the  hearing. 

Members  of  the  Recombinant  Advi- 
sory Committee  attended  to  explain 
the  proposed  revisions,  and  members 
were  present  from  the  Federal  Inter- 
agency committee  on  Recombinant 
DNA  Research  which  represents  all 
Federal  departments  and  agencies 
that  support  or  conduct  such  research 
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or  have  regulatory  authority  in  this 
area. 

Since  September  1977,  when  the  pro- 
posed revisions  were  published  in  the 
Federal  Register,  they  have  been  re- 
viewed in  light  of  the  many  comments 
received  from  the  public  and  the  scien- 
tific community.  The  public  hearing 
provided  a forum  for  all  points  of  view, 
especially  from  the  environmental  per- 
spective. On  the  basis  of  the  analysis 
of  the  hearing  and  the  correspon- 
dence, the  following  general  points 
emerged: 

• The  recommendations  by  the  Re- 
combinant Advisory  Committee  were 
generally  supported.  There  was  uni- 
versal sentiment  for  giving  the  Direc- 
tor, NIH,  discretion  to  exempt  certain 
experiments  from  the  provisions  of 
the  guidelines,  especially  w'hen  this 
would  permit  knowledge  to  be  gained 
bearing  on  the  provisions  themselves. 
There  was  overwhelming  sentiment 
for  exempting  from  the  guidelines  ex- 
periments involving  most  “self-clon- 
ing” systems,  as  well  as  pairs  of  harm- 
less organisms  that  transfer  genes  in 
nature.  That  is,  many  of  the  experi- 
ments currently  classified  at  the 
PI  + EK1  level  should  be  exempted 
from  the  guidelines.  And  witnesses 
from  the  scientific  community  strong- 
ly advocated  further  consideration  of 
revisions  involving  work  with  viruses 
and  plant  pathogens. 

• On  the  basis  of  these  suggestions, 
a “Joint  United  States-EMBO  Work- 
shop to  Assess  Risks  for  Recombinant 
DNA  Experiments  Involving  the  Gen- 
omes of  Animal,  Plant,  and  Insect  Vir- 
uses” was  convened  on  January  26-28, 
1978,  in  Ascot,  England.  The  report  of 
the  workshop  (see  appendix  E)  was  re- 
viewed by  a working  group  sponsored 
by  NIH  on  April  6-7,  and  the  recom- 
mendations from  that  group  (see  ap- 
pendix F)  were  referred  to  the  Recom- 
binant Advisory  Committee.  The  com- 
mittee, in  turn,  lent  their  endorsement 
in  recommendations  at  a meeting  held 
at  NIH  on  April  27-29.  The  analysis  of 
existing  knowledge  of  viruses  by  the 
groups  of  experts  indicate  that  the 
risks  of  cloning  viral  DNA  in  a bacte- 
rium like  E.  coli  is  not  greater,  and  is 
usually  much  less,  than  the  risk  of 
handling  the  parent  virus  itself. 

• Further,  a meeting  of  agricultural 
scientists  was  convened  on  March  20- 
21,  1978,  under  the  joint  sponsorship 
of  the  Department  of  Agriculture,  the 
National  Science  Foundation,  and  the 
National  Institutes  of  Health.  Their 
recommendations  were  also  reviewed 
by  the  Recombinant  Advisory  Com- 
mittee at  their  April  meeting.  It  was 
the  conclusion  of  the  agricultural  sci- 
entists that  containment  conditions 
for  incorporation  of  DNA  from  plant 
pathogens  into  E.  coli  K-12  were  un- 
justifiably high. 
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• International  scientific  represen 
tatives  present  at  the  hearing  reported 
on  guidelines  prevailing  in  the  United 
Kingdom  and  Western  Europe  and  on 
their  interpretation  by  Genetic  Manip- 
ulation Advisory  Groups.  It  was  point- 
ed out  that  some  experiments  are  per- 
mitted in  Europe  which  are  not  per- 
mitted in  America.  More  importantly. 
It  was  noted  that  there  is  no  factual 
basis  upon  which  to  defend  the  great- 
er stringency  of  the  U S.  (NIH)  guide- 
lines. 

• There  was  special  emphasis  by 
public  commentators  on  the  need  for 
procedures  at  the  local  and  national 
level  to  insure  public  participation  and 
oversight.  The  public  and  scientific 
commentators  were  especially  con- 
cerned that  there  should  be  a commit- 
ment at  the  local  and  national  levels 
to  the  training  of  all  laboratory  per- 
sonnel. and  to  health  surveillance, 
when  feasible,  to  Insure  occupational 
health  and  safety.  Concern  was  also 
expressed  for  local  community  partici- 
pation to  Insure  that  practices  In  the 
laboratory  meet  public  and  environ- 
mental safety  requirements. 

• Several  representatives  from  the 
private  sector  urged  that  NIH  consider 
introducing  mechanisms  into  the  pro- 
posed revisions  to  allow  private-sector 
participation  through  the  guidelines. 
They  urged  that  NIH  provide  for  their 
voluntary  registration,  certification  of 
their  host-vector  ays  ems.  and  provi- 
sion for  the  protection  of  proprietary 
information  and  patent  rights. 

• Strong  support  came  from  both 
the  scientific  community  and  the 
public  for  clear  enunciation  of  the 
benefits  and  potential  risks  of  this  re- 
search. In  addition,  several  of  the 
public  commentators  urged  that  the 
rationale  for  the  classification  of  per- 
missible experiments  be  staled  more 
clearly. 

• Finally,  a number  of  commenta- 
tors In  the  scientific  community  and 
representatives  from  institutional  bio- 
hazards committees  advocated  more 
flexible  implementation  of  the  NIH 
guidelines.  Specifically,  the  locus  of  re- 
sponsibility for  the  use  of  the  guide- 
lines must  shift  further  toward  the  in- 
st  it  it  ions  conducting  the  research. 
Present  requirements  for  NIH  approv 
al  before  an  experiment  may  proceed 
have  caused  delays  unjustified  by 
proof  that  safety  has  been  enhanced. 

All  of  the  issues  raised  by  the  com- 
mentators w'ere  carefully  analyzed.  A 
number  of  possible  revisions  were  de- 
veloped and  referred  to  the  Recombin- 
ant Advisory  Committee  for  review 
The  following  items  were  among  those 
on  the  agenda  of  the  Recombinant  Ad 
visory  Committee  at  its  April  1978 
meeting: 


• To  redefine  the  scope  of  the 
guidelines,  including  construction  of  a 
first  list  of  ' exempted  exchangers 

• To  review  selected  issues  on  the 
guidelines  raised  by  the  public  com- 
mentators; 

• To  review  the  containment  levels 
for  experiments  with  viral  DNA  or 
viral  vectors  and  with  plant  pathogens 
or  viruses. 

On  the  basis  of  the  issues  raised  and 
the  response  of  the  Recombinant  Ad- 
visory Committee,  a decision  and  envi- 
ronmental impact  assessment  on  pro- 
posed revisions  is  offered  for  public 
comment.  The  assessment  that  follows 
explains  the  present  guidelines,  the 
RAC’s  alternatives,  the  alternatives 
posed  by  the  public  and  scientific  com- 
mentators at  the  public  hearing  and  in 
correspondence,  the  RAC's  views  on 
the  issues  raised  at  the  April  1978 
meeting,  and  the  assessment  of  the  re- 


DNA  plays  to  two  roles:  (1)  provides 
Information  for  the  reproduction, 
growth,  and  functions  of  the  cell,  and 
(2)  preserves  and  directs  replication  of 
this  information  and  transfers  it  to 
the  offspring.  These  two  roles  of  DNA 
are  common  to  animals,  plants,  single- 
cell organisms,  and  many  viruses.  The 
DNA  of  cells  is  mainly  found  In  orga- 
nized structures  called  ’’chromo- 
somes.” 

Intracellular  DNA  also  occurs  out- 


visions  as  proposed  by  the  Director. 
NIH. 

The  Recombinant  DNA  Experimental 
Process 

All  living  things,  from  subcellular 
particles  to  higher  organisms,  contain 
the  specific  information  needed  for 
their  reproduction  and  functions.  The 
basic  source  of  this  information  is 
deoxyribonucleic  acid  (DNA),  which  is 
the  principal  substance  of  the  genes— 
the  units  of  heredity.  Genes  determine 
the  characteristics  of  the  species  as 
well  as  individual  traits  such  as  size 
and  eye  color. 

Each  cell  of  an  organism  is  com- 
posed of  various  organized  structures, 
several  of  which  contain  DNA.  Figure 
1 illustrates  a typical  eukaryotic,  or 
nucleated,  cell.  Bacterial  cells  (prokar- 
yotic) are  much  less  complex,  showing 
fewer  organelles  and  no  organized  nu- 
cleus. 


side  of  the  chromosomes  as  separately 
replicating  molecules.  Such  DNA  mol- 
ecules include  the  plasmids,  found  in 
bacteria;  the  DNA  of  chloroplasts, 
common  to  green  plants;  and  the  DN  A 
of  mitochondria,  the  energy-producing 
units  of  the  cells  of  complex  organ- 
isms. These  DNA's.  while  not  strictly 
part  of  the  inherent  genetic  make-up 
of  a cell,  help  define  the  cell’s  func- 
tional capability  Another  type  of 
DNA  commonly  found  in  cells  is  the 
DNA  of  infecting  viruses. 
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During  the  past  30  years  the  struc- 
ture of  DNA  molecules  has  been  stud- 
ied intensively,  and  it  can  now  be  de- 
scribed in  much  detail.  The  molecule 
may  be  compared  to  a long-twisted 
stepladder  with  thousands  to  millions 
of  rungs.  A short  piece  of  DNA  is  rep- 
resented in  Figure  2. 

Figure  2 


The  sides  of  the  ladder  are  formed 
of  sugar  molecules  (dexoyribose)  at- 
tached end  to  end  through  phosphate 
groups.  At  right  angles  to  each  sugar 
molecule  is  one  of  four  possible 
bases— adenine,  guanine,  thymine,  and 
cytosine.  The  precise  sequence  of 
these  bases,  the  rungs  of  the  ladder, 
codes  the  information  content.  The 
"reading”  of  the  code  contained  in  the 
sequence  of  bases  results  in  the  forma- 
tion of  proteins,  which  in  turn  carry 
out  most  of  the  essential  functions  of 
the  ceil. 

A gene  is  a portion  of  the  DNA  mole- 
cule which  codes  for  the  manufacture 
of  a protein.  In  higher  organisms, 
much  of  the  DNA  may  not  serve  as 
genes  in  this  sense,  but  may  regulate 
the  activity  of  nearby  genes.  It  is  pos- 
sible to  break  open  cells  and  isolate 
DNA,  free  of  other  cellular  constitu- 
ents. 


The  formation  of  "recombinant 
DNA”  in  the  laboratory  was  made  pos- 
sible by  a series  of  discoveries.  W. 
Arber  and  D.  Dussoix,  in  1962,  showed 
that  bacteria  contain  substances  called 
restriction  enzymes.  Serving  to  defend 
the  bacteria  against  viruses,  these  en- 
zymes can  split  foreign  DNA  molecules 
into  specific  fragments.  R.  Yoshimori, 
in  H.  Boyer’s  laboratory,  isolated  a re- 
striction enzyme  that  was  later  found 
to  split  DNA  into  fragments  whose 
ends  stick  together  when  they  touch. 
In  1973  S.  Cohen  and  others  succeeded 
in  combining  genes  of  different  species 
and  introducing  them  into  bacteria. 
Then  they  grew  the  bacteria  in  cul- 
tures, multiplying  the  combined  char- 
acteristics. 

The  capabilities  sketched  here— to 
split  DNA  selectively,  to  recombine  it 
by  virtue  of  "sticky”  ends,  to  reintro- 
duce it  into  cells,  and  to  cultivate  the 
cells— constitute  the  recombinant 

DNA  technique. 

In  the  recombinant  DNA  experi- 
ments that  are  the  subject  of  the  NIH 
guidelines,  the  DNA  can  be  derived 
from  widely  divergent  sources.  DNA 
from  one  of  the  sources  may  serve  as  a 
carrier,  or  “vector,”  for  the  insertion 
of  the  recombined  DNA  into  a cell,  or 


“host.”  The  vector  may  be  a plasmid, 
usually  derived  from  the  same  species 
as  the  host,  or  it  may  be  a virus.  The 
DNA  to  be  inserted  is  called  the  "for- 
eign” DNA.  When  a large  mixture  of 
DNA  fragments  from  the  foreign 
source  is  used  in  the  joining,  the  ex- 
periment is  referred  to  as  a "shotgun” 
experiment.  In  other  instances,  a par- 
ticular DNA  fragment  of  interest  will 
be  purified  and  then  incorporated  in 
the  vector. 

From  a growth  culture  of  the  host 
cells,  one  containing  the  interesting 
DNA  fragment  is  selected  and  allowed 
to  multiply.  The  resulting  population 
of  identical  cells  is  called  a “clone.”  In 
some  experiments  the  DNA  will  be  ex- 
tracted from  the  cells  for  study;  in 
others,  the  properties  of  the  cells 
themselves  will  be  investigated. 

In  the  experiments  discussed  in  the 
guidelines,  the  host  cells  are  generally 
single-cell  microorganisms  such  as  bac- 
teria, or  animal  or  plant  cells  that 
were  originally  obtained  from  living 
tissue  but  are  grown  as  single  cells 
under  special  laboratory  conditions. 

The  process  of  producing  recombin- 
ant DNA  molecules  and  introducing 
them  into  cells  is  illustrated  in  figure 
3. 


Figure  3 


I 


[Chromo-]  ) 
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Host  Cell 


The  cell  represented  at  the  upper 
left  contains  chromosomal  DNA  and 
several  separately  replicating  DNA 
molecules.  The  nonchromosomal  DNA 
molecules  can  be  isolated  from  the  cell 
and  manipulated  to  serve  as  vectors 
(carriers)  for  DNA  from  a foreign  cell. 
Most  DNA  molecules  used  as  vectors 
are  circular.  They  can  be  cleaved,  as 


shown,  by  enzymes  (restriction  endon- 
ucleases) to  yield  linear  molecules 
with  rejoinable  ends. 

At  the  upper  right  is  another  cell, 
represented  here  as  a rectangle.  It 
serves  as  the  source  of  the  foreign 
DNA  to  be  inserted  into  the  vector. 
This  DNA  can  also  be  cleaved  by  en- 
zymes. The  rectangular  cell  could  be 


FEDERAL  REGISTER,  VOL.  43,  NO.  146— FRIDAY,  JULY  28,  1978 


[62] 


33102 


NOTICES 


derived  from  any  living  species,  and 
the  foreign  DNA  might  contain  chro- 
mosomal or  nonchromosomal  DNA.  or 
both. 

In  the  next  steps,  the  foreign  DNA 
fragment  is  mixed  and  combined  with 
the  vector  DNA.  and  the  recombinant 
DNA  is  reinserted  into  a host  cell.  In 
most  experiments  this  host  cell  will  be 
of  the  same  species  as  the  source  of 
the  vector.  The  recipient  cells  are  then 
placed  under  conditions  where  they 
grow  and  multiply  by  division.  Each 
new  cell  will  contain  recombinant 
DNA. 

Recombinant  DNA  technology  rep- 
resents a method  that  is  applicable  to 
many  areas  of  biological  research.  Es- 
sentially. It  represents  a new  tool.  In- 
vestigations supported  by  many  NIH 
Institutes  and  programs  utilize  this 
technique,  much  as  a new  instrument 
is  applied  in  studying  many  different 
things.  Areas  of  biological  research  to 
which  recombinant  DNA  experiments 
are  underway  Include  the  study  of  bac- 
terial enzymes  and  metabolism,  the 
synthesis  of  hormones,  the  reproduc- 
tion of  viruses,  the  organization  of 
chromosomes,  and  the  structure  and 
regulation  of  genes.  Except  for  studies 
to  Improve  the  technology.  NIH  spon- 
sors no  program  on  recombinant  DNA 
as  such:  but  recombinant  DNA  tech- 
nology is  used,  where  applicable,  as  an 
additional  tool  for  increasing  under- 
standing of  normal  and  abnormal  bio- 
logical processes. 

Risks  and  Benefits  or  Recombinant 
DNA  Research 

Research,  by  definition,  is  investiga- 
tion of  the  unknown.  The  results  of  re- 
search. whether  beneficial,  neutral, 
detrimental,  or  some  combination  of 
these,  cannot  be  fully  predicted  ahead 
of  time.  The  following  discussions  are 
assessments  based  on  present  knowl- 
edge and  collective  technical  Judg- 
ments. Unexpected  benefits  and  unex- 
pected hazards  are  possible. 

Possible  Hazardous  Situations 

The  Insertion  of  DNA  derived  from  a 
different  species  into  a cell  or  virus 
(and  thus  the  progeny  thereof)  may 
change  certain  properties  of  the  host. 
The  changes  may  affect  adversely  or 
beneficially  (a)  the  survival  of  the  re- 
cipient species,  (b)  other  forms  of  life 
that  come  in  contact  with  the  recipi- 
ent. and  <c)  aspects  of  the  nonliving 
environment.  Current  knowledge  does 
not  permit  accurate  assessment  of 
such  effects  in  contemplation  of  every 
recombinant  DNA  experiment.  At 
present  it  is  only  possible  to  speculate 
on  ways  in  which  the  presence  of  re- 
combinant DNA  in  a cell  or  virus  could 
bring  about  these  effects. 

It  should  be  noted  that  there  is  no 
known  instance  in  which  a hazardous 
agent  has  been  created  by  recombin- 


ant DNA  technology.  The  following 
discussion  is  speculative  and  considers 
ways  in  which  hazardous  agents  might 
be  produced.  In  principle,  the  analysis 
is  applicable  to  animals,  including 
humans,  and  to  plants,  when  potential 
effects  on  complex  organisms  are  de- 
scribed. 

77ie  effect  of  foreign  DNA  on  the  sur- 
vival of  recipient  species  ( host  cell, 
plasmids,  or  viruses) 

The  effect  of  foreign  DNA  on  the 
survival  of  receipent  species  is  impor- 
tant to  the  discussion  of  possible  haz- 
ards of  recombinant  DNA  experi- 
ments. A recipient  species  may  acquire 
a potential  for  harmful  effects  as  a 
result  of  the  foreign  DNA.  but  the  pos- 
sibility of  the  occurrence  of  the  harm- 
ful effects  will  depend  on  the  survival 
of  the  recipient  and  its  ability  to  mul- 
tiply. If  acquisition  of  foreign  DNA  in- 
creases the  probability  of  survival  and 
multiplication,  the  possibility  of  harm- 
ful effects  will  Increase.  Similarly,  if 
acquisition  of  foreign  DNA  decreases 
the  probability  of  survival  or  multipli- 
cation. the  possibility  of  harmful  ef- 
fects will  decrease.  It  is  Important  to 
recognize.  In  evaluating  the  potential 
for  harmful  effects,  that  significant 
Infections  of  animals  and  plants  by 
bacteria  or  viruses  may  require  con- 
tact with  a critical  number  of  the  in- 
fectious agents,  quantities  that  may  be 
large  or  small  depending  on  the  agent 
and  the  recipient. 

There  are  various  indications  that 
both  host  bacteria  and  plasmid  or 
virus  vectors  containing  Inserted  for- 
eign DNA  are  less  likely  to  survive  and 
multiply  than  are  the  original  organ- 
isms. except  for  the  very  unusual  in- 
stances where  the  foreign  DNA  sup- 
plies some  function,  such  as  antibiotic 
resistance,  that  favors  the  organism  in 
a particular,  non-natural  environment. 
U)  Natural  selection  results  in  the  sur- 
vival of  only  well-balanced  and  effi- 
cient organisms:  unneeded  genetic  ma- 
terial tends  to  be  lost.  Essential  func- 
tions are  carefully  controlled  and  are 
switched  on  and  off  as  needed. 

The  activity  of  a particular  gene 
product  depends  upon,  and  In  turn  in- 
fluences. many  other  functions  of  a 
cell.  Such  uncontrolled,  non-essential 
properties  as  might  be  Introduced  by 
foreign  genes  would  probably  not 
result  in  any  advantage  to  the  survival 
and  multiplication  of  an  otherwise 
well-balanced  organism.  Rather,  the 
new  properties  might  be  expected  to 
confer  some  relative  disability.  It  is 
unlikely  that  elimination  of  a gene 
product  by  insertion  of  a foreign  DNA 
sequence  would  be  advantageous. 
More  likely  than  not.  any  new  proper- 
ties derived  from  insertion  of  foreign 
DNA  would  confer  some  relative  dis- 
ability on  the  recipient  organism. 
Therefore,  it  is  probable  that  bacterial 


cells,  plasmids,  or  viruses  containing 
inserted  foreign  DNA  would  multiply 
more  slowly  in  nature  than  the  same 
cells  or  vectors  without  foreign  DNA; 
and  in  a natural  competitive  environ- 
ment, those  organisms  containing  re- 
combinant DNA  would  generally  be 
expected  to  disappear.  For  bacterial 
hosts,  the  rate  of  disappearance  would 
depend  on  the  relative  rate  of  growth 
compared  to  other,  competing  bacte- 
ria. The  following  calculation  demon- 
strates this  point. 

Assume  that  a new  organism  constitutes 
90  percent  of  a population,  but  grows  10 
percent  less  rapidly  than  its  natural  coun- 
terpart. The  new  organism  will  drop  from  a 
concentration  of  90  percent  to  a concentra- 
tion of  0.0001  percent  (1  part  in  1.000.000)  in 
207  generations.  If  the  generation  time  of 
the  natural  organism  is  1 hour,  this 
amounts  to  about  days. 

Although  unlikely,  there  is  a chance 
that  a bacterial  host  of  recombinant 
DNA  will  grow  more  rapidly  than  if  it 
were  lacking  the  foreign  DNA.  espe- 
cially if  the  cells  encounter  new  envi- 
ronments. (The  calculation  given 
above  can  be  applied  here  also.)  A rele- 
vant example  of  such  a situation  can 
be  found  in  the  rapid  and  widespread 
Increase  in  the  resistance  of  bacteria 
to  clinically  important  antibiotics 
during  the  last  20  years.  It  is  well 
known  that  such  resistance  is  geneti- 
cally determined,  and  genes  specifying 
resistance  have  been  described.  (2) 

The  ability  of  recipient  bacterial 
host  cells  to  survive  and  multiply 
might  also  be  enhanced  by  acquisition 
and  expression  of  a foreign  gene  con- 
ferring the  ability  to  metabolize  par- 
ticular nutrients.  In  an  environmental 
niche  containing  the  nutrient,  such  a 
recombinant  might  compete  success- 
fully against  organisms  native  to  the 
niche.  Thus  an  Important  nutrient 
there  might  be  destroyed.  Also,  if  the 
native  organisms  were  performing 
beneficial  functions,  those  functions 
could  be  lost  upon  the  successful  es- 
tablishment of  the  recombinant  in  the 
niche. 

These  examples  serve  to  illustrate 
some  of  the  complexities  Involved  in 
determining  whether  the  insertion  of 
a given  fragment  of  foreign  DNA  will 
be  advantageous  or  disadvantageous  to 
the  recipient  organism:  The  nature  of 
the  inserted  genes,  the  nature  of  the 
environment,  and  the  relation  between 
the  two  must  be  considered.  However, 
this  analysis  is  necessarily  simplistic. 
In  the  absence  of  the  highly  specific 
relationships  that  are,  for  example, 
apparent  in  the  case  of  antibiotic  resis- 
tance. very  little  is  understood  about 
how  the  totality  of  the  genetic  make- 
up of  a given  organism  or  species  con- 
tributes to  its  competitive  advantage 
even  in  a defined  ecological  niche. 
Modem  evolutionary  theory  does  not 
provide  useful  frameworks  for  analy- 
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sis.  There  are  in  fact  current  major 
controversies  concerning  the  role  of 
natural  mutations  in  evolution,  and 
the  same  questions  are  relevant  to  the 
issues  raised  by  recombinant  DNA  re- 
search. 

Because  potentially  useful  vectors 
such  as  plasmids  and  viruses  may  be 
transferred  from  the  initial  recipient 
host  cell  to  other  cells,  independent  of 
the  growth  and  survival  of  the  host,  it 
is  also  necessary  to  consider  survival  of 
the  vectors.  Plasmids  and  viruses  occur 
widely  in  nature.  Any  particular  plas- 
mid or  virus  will  normally  multiply 
only  within  a limited  number  of  spe- 
cies. Thus,  for  example,  viruses  that 
infect  particular  bacteria  neither  mul- 
tiply nor  cause  disease  in  the  cells  of 
other  bacterial  species  or  complex  or- 
ganisms. In  many  instances,  they  do 
not  even  enter  the  cells  of  any  organ- 
ism other  than  the  particular  natural 
host. 

Only  limited  information  concerning 
the  effect  of  foreign  DNA  insertions 
on  the  survival  or  transferability  of 
plasmid  and  viral  vectors  is  available. 
In  the  case  of  plasmids,  the  factors 
contributing  to  their  maintenance  or 
loss  from  cells  in  natural  environ- 
ments, even  without  insertion  of  a for- 
eign DNA,  are  not  clearly  understood. 
(2)  One  exception  is  the  selective  ad- 
vantage for  maintenance  provided  by 
an  antibiotic-resistance  gene  on  the 
plasmid. 

Also,  some  plasmids  are  known  to 
confer  on  host  cells  the  ability  to  man- 
ufacture substances  poisonous  to 
closely  related  cells,  thus  giving  the 
poison-producers  special  advantage  in 
a competitive  situation.  Insertion  of  a 
foreign  DNA  fragment  into  the  DNA 
sequence  coding  for  the  poison  has 
been  shown  to  eliminate  production  of 
the  poison,  (5)  decreasing  the  likeli- 
hood that  the  cells  and  their  resident 
recombinant  DNA  will  survive  in 
nature. 

Experiments  carried  out  during  the 
last  few  years  have  yielded  only  mini- 
mal information  on  the  stability  of 
plasmids  containing  foreign  DNA  in 
host  cells,  or  on  the  stability  of  the 
foreign  fragment  itself.  For  experi- 
mental purposes,  cells  containing  re- 
combined plasmids  are  generally 
grown  under  conditions  especially  de- 
signed to  increase  the  stability  of  the 
plasmid  (called  “selective”  conditions.) 
For  consideration  of  the  loss  of  the 
plasmids  in  natural  environments— the 
important  point  for  matters  of 
safety— the  stability  of  the  plasmid  or 
recombined  DNA  under  ordinary,  or 
nonselective,  conditions  needs  to  be 
known.  A review  of  a limited  number 
of  unpublished  observations  indicates 
that  generalizations  as  to  the  rate  of 
loss  of  the  recombined  plasmid  rela- 
tive to  the  original  are  impossible. 
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The  ability  of  a plasmid  to  be  trans- 
ferred from  the  original  laboratory 
host  to  another  cell  and  thereby  per- 
petuate itself  is  also  important.  In 
short,  certain  plasmids  are  incapable 
of  being  transferred  except  under  par- 
ticular and  inferquent  conditions. 
Others  transfer  more  readily.  Since 
the  ability  to  be  transferred  depends 
on  multiple  factors,  (2)  it  is  not  likely 
to  be  increased  by  insertions  of  a 
single  foreign  DNA  fragment.  Other 
than  this,  no  generalization  concern- 
ing the  effect  of  a foreign  DNA  frag- 
ment on  transferability  can  be  made. 

The  effect  of  bacteria  and  veruses  con- 
taining recombined  DNA  on  other 
forms  of  life 

The  analysis  leading  to  the  guide- 
lines centered  on  the  possiblility  of 
deleterious  effects,  since  the  concern 
was  the  health  and  safety  of  living  or- 
ganisms, including  humans,  and  the 
environment.  Agents  constructed  by 
recombinant  DNA  technology  could 
prove  hazardous  to  other  forms  of  life 
by  becoming  pathogenic  (disease-pro- 
ducing) or  toxigenic  (toxin-producing), 
or  by  becoming  more  pathogenic  or 
toxigenic  than  the  original  agent. 

There  are  two  basic  mechanisms  by 
which  a recipient  micro-organism 
might  be  altered  with  regard  to  its 
pathogenicity  or  toxicity  as  a result  of 
a resident  recombinant: 

(1)  The  recombinant  DNA  may  result 
in  formation  of  a protein  that  has  un- 
desirable effects.  The  case  in  which 
bacterial  cells  are  used  as  carriers  of 
foreign  DNA  is  discussed  first.  A for- 
eign protein,  specified  by  the  foreign 
DNA,  might  act  after  being  liberated 
from  the  micro-organism,  or  it  could 
function  within  the  micro-organisi  r 
and  alter,  secondarily,  normal  micro 
bial  cell  function  in  such  a way  that 
the  cell  is  rendered  harmful  to  other 
living  things.  Either  means  depends  on 
the  expression  of  the  foreign  genes; 
that  is,  the  information  in  the  foreign 
genes  must  be  used  by  the  recipient 
bacterium  to  produce  a foreign  pro- 
tein. Examples  of  proteins  that  might 
prove  harmful  to  other  organisms  are 
hormones,  enzymes,  and  toxins. 

Present  evidence  suggests  that  for- 
eign DNA  from  bacteria  of  one  species, 
when  inserted  into  bacteria  of  another 
species,  may  be  expressed  in  the  re- 
cipient, depending  on  the  similarities 
of  the  protein  synthesis  mechanisms 
in  the  two  organisms.  ( 4 ) For  example, 
if  the  donor  of  the  foreign  DNA  pro- 
duces a toxic  substance,  than  the  re- 
cipient cell  may  produce  such  a sub- 
stance, provided  the  gene  for  the  toxic 
substance  is  present  in  the  recombin- 
ant. The  recipient  may  or  may  not  be 
more  hazardous  than  the  original 
donor  organism,  depending  on  the  rel- 
ative ability  of  the  two  organisms  to 
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grow  and  infect  an  animal  or  plant 
species  at  risk. 

Expression  of  foreign  genes  from 
complex  organisms  (yeast,  fruit  flies) 
in  cloned  bacteria  has  recently  been 
demonstrated  experimentally.  (5)  In 
other  experiments,  insertion  of  a syn- 
thetic gene  into  E.  coli  led  to  the  pro- 
duction of  somatostatin,  a hormone 
found  in  the  mammalian  brain.  (6) 

Analogous  issues  must  be  considered 
for  the  case  in  which  animal  viruses 
are  the  carriers  of  foreign  DNA.  Inad- 
vertent dispersal  of  such  viruses  out- 
side the  laboratory  might  result  in 
entry  of  the  recombinant  DNA  into 
cells  of  living  organisms.  The  foreign 
genes  might  be  expressed,  resulting  in 
the  uncontrolled  synthesis  of  a normal 
protein  or  the  formation  of  a protein 
foreign  to  the  infected  cell.  Currently, 
few  relevent  experimental  data  are 
available.  (3) 

(2)  The  recombined  DNA  may  itself 
cause  pathogenic  or  toxic  effects.  As 
discussed  above,  foreign  DNA  inserted 
in  a bacterial  gene  might  so  alter  the 
microbial  cell’s  properties  that  it  be- 
comes harmful  to  other  organisms.  It 
is  also  necessary  to  consider  situations 
in  which  DNA  molecules  themselves 
may  escape  from  the  laboratory  or 
from  the  experimental  host  cell  an 
enter  cells  of  living  organisms  with 
which  they  come  in  contact.  Free  DNA 
molecules  are  themselves  relatively 
fragile,  and  the  probability  that  they 
would  survive,  in  a significant  form  or 
for  a significant  time,  in  air,  water,  or 
any  medium,  is  considered  remote. 
DNA  that  is  protected  in  any  of  a vari- 
ety of  ways  within  cells  and  viruses 
might  be  released  either  into,  or  close 
to,  a living  cell. 

When  a cell  or  virus  dies,  or  comes 
close  to  or  invades  the  tissue  of  an- 
other living  organism,  the  recombin- 
ant DNA  may  effectively  enter  a new 
cell.  A hazardous  situation  similar  to 
that  described  above  might  ensue  if 
foreign  proteins  were  manufactured  in 
this  "secondary”  recipient.  The  recom- 
binant DNA  might  survive  as  an  inde- 
pendent cellular  component,  or  it 
could  recombine  by  natural  process 
with  the  DNA  of  the  secondary  recipi- 
ent. Various  possible  deleterious  conse- 
quences of  such  a recombination  may 
be  considered. 

If  the  secondary  recipient  is  another 
micro-organism,  the  considerations  de- 
scribed earlier  apply.  If  the  secondary 
recipient  is  one  of  the  cells  of  an 
animal  or  plant,  the  possible  effects 
are  different.  They  include  alterations 
of  normal  cellular  control  mecha- 
nisms, synthesis  of  a foreign  protein 
(such  as  a hormone),  and  insertion  of 
genes  involved  in  cancer  production 
(if,  for  example,  the  foreign  DNA  were 
derived  from  a cancer-producing 
virus). 
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It  should  be  pointed  out  that  the 
likelihood  of  such  a mechanism  caus- 
ing Inheritable  changes  in  the  offspr- 
ing of  complex  organisms  is  extremely 
low  because  of  the  protection  afforded 
germ-line  cells  (eggs  and  sperm)  by 
their  location.  Thus,  it  is  highly  Im- 
probable or  perhaps  Impossible  for  re- 
combined foreign  DNA  to  reach  germ- 
line  cells  at  a time  in  their  life  when 
secondary  recombination  can  occur. 
With  one-celled  organisms,  plants,  or 
simple  multicellular  organisms,  the 
probability  of  heritable  change  result- 
ing from  secondary  recombination  is 
higher. 

What  Is  the  probability  of  secondary 
recombination  between  prokaryotes 
and  eukaryotes  In  nature?  It  is  gener- 
ally held  that  the  recombination  In 
nature  is  more  likely  if  similar  or  iden- 
tical sequences  of  bases  (rungs  In  the 
DNA  ladder)  occur  In  the  two  recom- 
bining DNA's.<7)  The  greater  the 
degree  of  similar  sequences,  the  more 
likely  Is  recombination.  In  general,  the 
more  closely  two  species  are  related, 
the  more  likely  It  is  that  similar  se- 
quences will  be  found  In  their  DNA’s. 
Thus.  DNA  from  primates  has  more 
DNA  sequences  in  common  with 
human  DNA  than  does  DNA  from 
mice,  or  fish,  or  plants.  Recombination 
may  also  occur  between  DNA's  not 
sharing  sequences,  but  at  lower  fre- 
quencies. 

It  Is  possible  that  the  capacity  for  in- 
terspecles  recombination  between  dis- 
tantly related  species  exists  in  nature. 
For  example,  bacteria  in  animal  Intes- 
tines are  constantly  exposed  to  frag- 
ments of  animal  DNA  released  from 
dead  intestinal  cells.  Significant  re- 
combination. however,  would  require 
the  uptake  of  Intact  segments  of 
animal  DNA  and  their  subsequent  in- 
corporation Into  the  bacterial  DNA. 
Such  uptake  and  incorporation  has 
been  demonstrated  experimentally. 
The  frequency  of  such  events  in 
nature  is  unknown. 

Similarly,  there  are  very  few  data 
permitting  assessment  of  the  reverse 
process:  namely,  the  incorporation  of 
bacterial  DNA  into  the  cells,  or  DNA. 
of  more  complex  organisms.  Although 
there  are  reports  of  experiments  In 
which  bacterial  DNA  was  inserted  into 
animal  and  plant  species  and  produc- 
tion of  the  bacterial  protein  followed, 
the  process  Is  very  inefficient  and 
many  investigators  have  been  unable 
to  repeat  these  experiments.*  8-10) 

There  are  certain  well-documented 
Instances  in  which  the  DNA's  of  dif- 
ferent living  things  become  more  or 
less  permanently  recombined  In 
nature.  These  instances  Involve  recom- 
bination between  the  DNA's  of  nonch- 
romosomal  genes,  such  as  those  of  vir- 
uses or  plasmids,  or  between  the 
DNA's  of  viruses  or  plasmids  and  chro- 
mosomal genes.  The  former  instance. 


for  example,  is  the  mechanism  behind 
the  rapid  spread  of  resistance  to  anti- 
biotics among  different  bacterial  spe- 
cies.^, 11)  This  spread  accompanied 
the  prevalent  use  of  antibiotics  in 
medicine  and  agriculture.  Another  ex- 
ample is  the  insertion  of  DNA  from 
the  bacterium  Agrobacterium  tume/a- 
ciens  into  plant  cells.(JJ) 

Expected  Benefits  of  Recombinant 
DNA  Research 

Benefits  may  be  divided  into  two 
broad  categories:  an  increased  under- 
standing of  basic  biological  processes, 
and  practical  applications  for  medi- 
cine. agriculture,  and  Industry. 

At  this  time,  most  of  the  practical 
applications  are  speculative.  It  is  im- 
portant to  stress  that  the  most  signifi- 
cant results  of  this  work,  as  with  any 
truly  innovative  endeavor,  are  likely  to 
arise  in  unexpected  ways  and  will 
almost  certainly  not  follow  a predict- 
able path. 

Increased  understanding  of  basic  bio- 
logical processes 

There  are  many  important  funda- 
mental biomedical  questions  that  can 
be  answered  or  approached  by  DNA 
recombinant  research.  In  order  to  ad- 
vance against  inheritable  diseases,  we 
need  to  understand  the  structure  of 
genes  and  how  they  work.  The  DNA 
recombinant  methodology  provides  a 
simple  and  inexpensive  way  to  prepare 
large  quantities  of  specific  genetic  in- 
formation in  pure  form.  This  should 
permit  elucidation  of  the  organization 
and  function  of  the  genetic  Informa- 
tion in  higher  organisms.  For  example, 
current  estimates  of  the  fraction  of 
this  information  that  codes  for  pro- 
teins are  simply  educated  guesses. 
There  are  almost  no  clues  about  the 
function  of  the  portions  of  DNA  that 
do  not  code  for  proteins,  although 
these  DNA  sequences  are  suspected  of 
being  Involved  in  the  regulation  of 
gene  expression. 

The  existing  state  of  ignorance  is 
largely  attributable  to  our  previous  in- 
ability to  Isolate  discrete  segments  of 
the  DNA  in  a form  that  permits  de- 
tailed molecular  analysis.  Recombin- 
ant DNA  methodology  removes  this 
barrier.  Furthermore,  ancillary  tech- 
niques have  been  developed  whereby 
pure  DNA  segments  that  contain  par- 
ticular sequences  of  Interest  can  be 
identified  and  selected.  Of  particular 
interest  Is  the  isolation  of  pure  DNA 
segments  that  contain  the  genes  for 
the  variable  and  constant  portions  of 
the  immunoglobin  proteins.  The  anal- 
yses of  such  segments  obtained  from 
both  germ-line  and  somatic  cells 
should  be  of  inestimable  value  In  de- 
termining the  mechanism  of  immuno- 
logic diversity. 

A major  problem  in  understanding 
the  mechanism  by  which  certain  vir- 


uses cause  cancer  is  how  and  where 
the  infecting  or  endogenous  viral  gen- 
omes are  integrated  into  the  cell's 
chromosome. (12)  This  bears  on  the 
question  of  how  the  integrated  viral 
genes  affect  cellular  regulation,  thus 
leading  to  the  abnormal  g^ovth  char- 
acteristics of  cancer  cells.  With  the  re- 
combinant DNA  techniques  for  isola- 
tion and  purification  of  specific  genes, 
this  research  problem  is  reduced  to 
manageable  proportions.  It  is  possible 
to  isolate  the  desired  DNA  segment  in 
pure  form.  Large  quantities  can  be  ob- 
tained for  detailed  study  by  simply  ex- 
tracting a culture  of  the  bacteria  car- 
rying the  viral  DNA  segment  in  a plas- 
mid. 

Important  recent  achievements  in  re- 
combinant DNA  research 

It  was  anticipated  (see  F.IS  of  Octo- 
ber 1977)  that  the  ability  to  excise,  iso- 
late. and  amplify  specific  segments  of 
DNA  from  higher  organisms  would 
provide  an  unprecedented  opportunity 
to  study  the  structure  of  eukaryotic 
genomes  and  to  correlate  the  results 
with  concepts  of  how  they  evolved  and 
are  regulated.  Recent  work  has  yielded 
much  more.  Indeed,  some  of  the  geno- 
mic structures  discovered  through  use 
of  recombinant  DNA  techniques  have 
occasioned  a substantial  reassessment 
of  several  major  paradigms  of  molecu- 
lar biology. 

Many  of  the  initial  studies  using  re- 
combinant DNA  techniques  focused  on 
DNA  sequences  that  are  repeated  in 
the  genomes  of  eukaryotes.  In  some 
instances,  these  repeated  sequences 
specify  an  RNA  product,  such  as  ribo- 
somal  RNA.  or  fulfill  a function  as  yet 
unknowm— for  example,  the  sequences 
called  "satellite''  DNA.  The  organiza- 
tion of  such  sequences  is  being  exam- 
ined extensively  with  recombinant 
DNA  techniques*  14-20). 

The  genes  that  specify  ribosomal 
RNA  are  repeated  in  the  eukaryotic 
genome  several  hundredfold.  It  has 
been  known  for  some  years  that  in  a 
variety  of  species,  such  as  the  frog 
Xenopus  laevis,  these  genes  are  ar- 
ranged as  a series  of  tandem  repeats. 
Each  set  of  ribosomal  genes  is  separat- 
ed from  its  neighbors  by  regions  of 
DNA.  of  varying  length,  that  are  not 
transcribed.  Cloning  of  several  of 
these  nontranscribed,  or  "spacer."  re- 
gions has  allowed  analysis  of  the 
manner  in  which  they  are  related  to 
one  another*  21,  22)  and  proposals  of 
evolutionary  mechanisms  by  which 
they  may  have  arisen. 

Moreover,  the  availability  of  these 
cloned  DNA  sequences  has  made  it 
possible* 23)  to  localize  the  DNA  site  at 
which  the  transcription  of  the  riboso- 
mal genes  Is  initiated.  The  exact  DNA 
sequence  at  this  site  is  being  deter- 
mined. Such  information  will  further 
the  understanding  of  the  mechanisms 
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that  regulate  gene  expression  and  the 
construction  of  new  host/vector  clon- 
ing systems. 

Many  of  the  basic  concepts  of  molec- 
ular biology  have  had  to  be  based 
upon  work  on  prokaryotes.  These  con- 
cepts have  influenced  the  interpreta- 
tion of  data  on  the  structure  and  pos- 
sible mode  of  functioning  of  the  eu- 
karyotic genome.  Recombinant  DNA 
technology,  however,  has  allowed  the 
structure  of  the  genomes  of  higher  or- 
ganisms to  be  examined  in  a manner 
previously  restricted  to  studies  on  bac- 
teria. Some  of  the  results  have  upset 
earlier  assumptions.  For  example,  the 
cloning  of  eukaryotic  DNA  sequences 
that  specify  the  proteins  /?  globin ,(24, 
25,  30,  34)  ovalbumin,!  26,  27,  28,  32,  33) 
and  immunoglobulin! 29,  31)  has  dem- 
onstrated that  certain  basic  facts  of 
DNA  organization  in  prokaryotes  are 
not  applicable  to  eukaryotes.  The 
major  new  finding  of  “intervening”  se- 
quences in  these  higher  forms  (dis- 
cussed  in  footnote  13  to  the  “Introduc- 
tion and  Overview”  of  the  accompany- 
ing decision  document)  may  provide 
an  explanation  for  the  cause  of  the 
hereditary  disorder,  /3+  thalassemia.  It 
also  demands  a reconsideration  of  the 
basic  mechanisms  of  differentiation 
and  evolution. 

The  work  on  immunoglobulin!  29,  31) 
has  shown  that  the  DNA  sequences 
that  encode  two  different  regions  of 
an  immunoglobulin  polypeptide  are 
widely  separated  in  germ-line  cells. 
During  differentiation,  these  DNA  se- 
quences move  closer  together  but  do 
not  become  contiguous.  Detailed  ex- 
amination of  DNA  fragments  has  re- 
solved one  of  the  fundamental  and 
longstanding  puzzles  of  immunology. 
Very  recent  data  indicate  that  the  in- 
tervening sequences  found  in  the  gene 
for  ovalbumin  differ  from  individual 
to  individual!  32,  33),  indicating  that 
genetic  variability  may  occur  within  a 
species  to  an  extent  not  previously 
imagined. 

Practical  implications 

The  possibility  that  recombinant 
DNA  techniques  could  be  used  to  alter 
the  properties  of  recipient  organisms, 
or  to  produce  desired  substances,  such 
as  peptide  hormones,  rests  largely 
upon  two  factors:  !1)  the  fidelity  of 
the  cloning  procedures  and  !2)  the 
ability  to  obtain  expression  of  the 
cloned  DNA  sequence.  It  has  been 
demonstrated  that  cloning  does  pro- 
vide faithful  copies  of  the  original  se- 
quence.! 34)  More  recently,  experi- 
ments in  which  cloned  fragments  of 
yeast  DNA  were  introduced  into  E. 
coli  have  provided  further  evidence 
that  fidelity  is  maintained  and  that 
expression  of  cloned  sequences  can  be 
achieved.  All  the  bacterial  strains  used 
contained  genetic  lesions  that  ren- 
dered them  incapable  of  synthesizing 


a particular  amino  acid.  However,  the 
yeast  DNA  sequences  were  capable  of 
correcting  these  deficiencies! 35)  and 
were  shown  to  specify  the  synthesis  of 
a yeast  protein  that  substituted  suc- 
cessfully for  its  defective  bacterial 
counterpart. 

There  have  been  several  accomplish- 
ments during  the  last  year  and  a half 
that  may  be  expected  to  yield  both 
economic  and  medical  benefits  in  the 
near  future.  Work  has  begun  on  the 
cloning  of  the  nitrogen  fixation  genes 
of  the  bacterium  Klebsiella  pneumon- 
iae.(36)  The  introduction  of  these 
genes  into  appropriate  plant  or  bacte- 
rial hosts  may  drastically  reduce  the 
requirement  for  nitrogenous  fertiliz- 
ers. Such  fertilizers,  currently  con- 
sumed at  the  rate  of  40  million  tons 
per  year,  are  synthesized  by  processes 
involving  large  energy  costs. 

An  area  that  has  proved  to  be  ex- 
tremely productive  has  been  the  clon- 
ing of  DNA  sequences  specifying  pep- 
tide hormones.  During  1977  there  were 
succeses  in  the  cloning  of  genes  for 
the  following  hormones: 

Insitlin.(37) 

Somatostatin, (6)  a hormone  that  in- 
hibits the  secretion  of  glucagon,  insu- 
lin, and  growth  hormone;  potentially 
useful  in  the  treatment  of  acromegaly, 
acute  pancreatitis,  and  insulin-depend- 
ent diabetes. 

Growth  hormone, (38)  used  in  the 
treatment  of  dwarfism;  in  short  supply 
throughout  the  world. 

Somatomammotropin,  (39)  a hor- 
mone secreted  by  the  placenta;  ap- 
pears to  act  on  maternal  metabolism 
to  insure  that  the  fetus  obtains  nutri- 
ents required  for  normal  growth. 

The  cloning  of  the  somatostatin 
gene  is  particularly  noteworthy,  since 
the  gene  was  synthesized  chemically, 
thus  avoiding  any  risk  of  inadvertant 
cloning  of  contaiminating  sequences, 
and  was  then  inserted  into  a specially 
constructed  plasmid  vector.  The  in- 
serted DNA  sequence  was  expressed 
and  an  inactive  precursor  of  somatos- 
tatin was  synthesized  and  isolated. 
From  this,  active  somatostatin  was 
subsequently  liberated.  Because  the 
polypeptide  precursor  synthesized 
within  the  E.  coli  K-12  host  is  inac- 
tive, the  procedure  also  decreases  mar- 
kedly and  likelihood  that  the  host  cell 
itself  could  be  hazardous.  This  same 
strategy  may  be  used  in  the  cloning  of 
any  of  the  small  peptide  hormones. 
Long-range  implications 

The  experimental  situations  treated 
in  the  guidelines  are  those  that  appear 
feasible  either  currently  or  in  the  near 
future.  The  experiments  primarily  in- 
volve insertion  of  recombined  DNA 
into  bacteria  or  into  single  cells  de- 
rived from  more  complex  organisms 
and  maintained  under  special  labora- 
tory conditions.  It  is  only  in  the  case 
of  plants  that  the  guidelines  cover  ex- 


periments involving  insertion  of  DNA 
into  cells  capable  of  developing  into 
complex,  multicellular  organisms.  The 
guidelines  and  the  discussions  leading 
to  their  development  have  focused  on 
problems  of  safety. 

It  is  possible  that  techniques  similar 
to  or  derived  from  current  recombin- 
ant DNA  methodology  may,  in  the 
future,  be  applicable  to  the  deliberate 
modification  of  complex  animals,  in- 
cluding humans.  Such  modification 
might  serve  to  correct  an  inherited 
defect  in  an  individual,  or  to  alter 
heritable  characteristics  in  the  offspr- 
ing of  individuals  or  a given  species. 
The  latter  type  of  alteration  has  been 
successfully  achieved  in  agriculture 
for  centuries  by  classical  breeding 
techniques.  It  may  be  that  recombin- 
ant DNA  methods,  should  they  devel- 
op in  appropriate  ways,  will  offer  new 
opportunities  for  specificity  and  accu- 
racy in  animal  breeding.  It  should  be 
noted,  however,  that  the  techniques 
covered  by  the  NIH  guidelines  involve 
the  recombining  of  DNA  fragments  in 
the  test  tube,  and  the  guidelines  pro- 
hibit the  deliberate  release  into  the 
environment  of  any  organism  contain- 
ing recombinant  DNA  molecules. 

Should  the  deliberate  application  of 
such  methods  for  the  correction  of  in- 
dividuals genetic  defects  or  the  alter- 
ation of  heritable  characteristics  in 
man  ever  become  possible,  it  will  raise 
complex  and  difficult  problems.  In  ad- 
dition to  philosophical,  moral,  and 
ethical  questions  of  concern  to  individ- 
uals, serious  societal  issues  will  be  in- 
volved. Broad  discussion  of  these  prob- 
lems in  a variety  of  forums  will  then 
be  required  to  inform  both  private  and 
public  decisionmaking. 

Possible  Deliberate  Misuse 

In  the  event  that  recombinant  DNA 
technology  can  yield  hazardous 
agents,  such  agents  might  be  consid- 
ered for  deliberate  perpetration  of 
harm  to  animals  (including  humans), 
plants  or  the  environment.  The  possi- 
bilities include  biological  warfare  or 
sabotage.  Because  it  is  not  known 
whether  recombinant  DNA  technology 
can  yield  such  agents,  discussion  of 
these  problems,  such  as  theft  by  sabo- 
teurs, is  hypothetical  and  difficult. 
With  regard  to  biological  warfare,  the 
use  of  recombinant  DNA  for  such  pur 
poses  is  prohibited  by  the  Biological 
Weapons  Convention.  In  a statement 
to  the  Conference  of  the  Committee  of 
Disarmament,  on  August  17,  1976,  Am- 
bassador Joseph  Martin,  Jr.,  made  the 
following  remarks  on  the  subject: 

When  advances  in  science  and  technology 
are  made,  it  is  natural  to  ask  about  their 
possible  use  for  hostile  purposes  and  wheth- 
er or  not  such  uses  are  prohibited  or  re 
stricted  by  existing  international  agree 
ments.  In  the  case  of  potential  use  of  recom 
binant  DNA  molecules  for  weapons  pur 


FEDERAL  REGISTER,  VOL.  43,  NO.  146—  FRIDAY,  JULY  28,  1978 


[66] 


33106 


NOTICES 


poses,  it  is  our  view  that  such  use  clearly 
falls  within  the  scope  of  the  Convention's 
prohibition. 

This  interpretation  is  based  upon  the  ne- 
gotiating history  as  well  as  the  explicit  lan- 
guage of  the  Convention,  and  we  believe 
that  It  is  shared  by  the  other  signatories.  I 
do  not  believe  it  is  possible  to  read  the  Bio- 
logical Weapons  Convention  and  come  to 
any  other  conclusion.  According  to  the  Pre- 
amble. the  States  Parties  are  "determined, 
for  the  sake  of  all  mankind,  to  exclude  com- 
pletely the  possibility  of  bacteriological 
(biological)  agents  and  toxins  being  used  as 
weapons."  The  intent  of  Article  I.  which 
begins.  "Each  State  Party  to  this  Conven- 
tion undertakes  never  in  any  circumstances 
• * is  equally  forceful  and  clear.  To  take 
a more  restricted  view  would  rob  the  Con- 
vention of  much  of  its  value  and  could  even 
lead  to  States  to  call  into  question  Its  scope 
and  continued  viability.  These  were  the 
views  of  the  United  Stales  when  the  Con- 
vention was  negotiated  and  ratified.  They 
are  still  its  views  today.  This  is  a matter  of 
great  Importance  to  my  Oovemment  and 
one  on  which  doubt  cannot  be  permitted  to 
exist. 

It  is  noteworthy  that,  prior  to  his 
statement.  Dr.  David  Baltimore  had 
requested  an  opinion  from  James  L. 
Malone.  General  Counsel  of  the 
United  States  Arms  Control  and  Disar- 
mament Agency,  on  whether  the  Bio- 
logical Weapons  Convention  prohibits 
production  of  recombinant  DNA  mole- 
cules for  purposes  of  constructing  bio- 
logical weapons.  On  July  3.  1975.  Mr. 
Malone  replied:  "In  our  opinion  the 
answer  is  in  the  affirmative.  The  use 
of  recombinant  DNA  molecules  for 
such  purposes  clearly  falls  within  the 
scope  of  the  Convention's  provisions." 
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I.  Scope  of  the  Guidelines 
Analysis  of  Current  Guidelines  1 

For  the  purposes  of  the  current 
Guidelines,  recombinant  DNA  experi- 
ments are  defined  as  those  involving 
molecules  that  consist  of  segments  of 
DNA  from  different  sources  which 
have  been  joined  together  in  cell-free 
systems,  and  which  have  the  capacity 
to  replicate  in  some  host  cell,  either 
autonomously  or  as  an  integrated  part 
of  the  host’s  genome.  The  host  cells  in 
these  experiments  are  generally  single 
living  cells.  They  may  be  microorgan- 
isms such  as  bacteria,  or  animal  or 
plant  cells  grown  in  tissue  culture. 

General  principles 

The  Guidelines  start  with  a state- 
ment of  general  principles,  which  are 
consistent  with  the  conclusions  in  the 
report  of  the  International  Conference 
on  Recombinant  DNA  Molecules  held 
at  Asilomar,  Calif,  in  February  1975. 
The  first  principle  is  that  certain  ex- 
periments may  be  judged,  in  the  light 
of  currently  available  information,  to 
present  such  serious  potential  hazards 
that  they  should  not  be  attempted  at 
this  time.  Second,  a large  group  of  fea- 
sible experiments  appear  to  pose  less 
or  no  potential  hazard,  and  can  there- 
fore be  performed  under  appropriate 
safeguards  if  the  information  or  bene- 
fits sought  cannot  be  obtained  by  con- 
ventional methods.  Third,  the  more  se- 
rious the  nature  of  any  presumed  con- 
sequence, the  more  stringent  should 
be  the  safeguards  against  escape  of 
the  potentially  hazardous  agents. 

Experiments  to  be  deferred 

The  first  class  of  experiments  de- 
scribed in  the  Guidelines  are  those 


’As  published  in  the  Federal  Register, 
July  7.  1976  (41  PR  27902). 


that  are  not  to  be  carried  out  at  the 
present  time.  While  it  may  be  argued 
that  a combination  of  maximal  physi- 
cal and  biological  safeguards  could  es- 
sentially contain  these  recombinants, 
the  magnitude  of  the  possible  dangers 
if  containment  were  to  fail  dictates 
that  these  experiments  be  deferred. 
This  class  of  experiments  includes  the 
following: 

• Those  in  which  any  of  the  recom- 
binant DNA  derives  from  pathogenic 
.organisms  listed  under  classes  3,  4,  and 
5 of  the  document  Classification  of 
Etiologic  Agents  on  the  Basis  of 
Hazard,  published  by  the  Center  for 
Disease  Control  (CDC)  of  the  U.S. 
Public  Health  Service,  or  from  onco- 
genic (cancer-causing)  viruses  classi- 
fied by  the  National  Cancer  Institute 
as  “moderate  risk.”  The  CDC  docu- 
ment categorizes  naturally  occurring 
organisms  and  viruses  known  to  be 
pathogenic  to  man  and  agriculturally 
important  species,  on  a scale  of  in- 
creasing hazard  from  1 to  5. 

• Those  characterized  by  deliberate 
formation  of  recombinants  containing 
the  genes  for  potent  toxins.  Examples 
are  botulinus  or  diphtheria  toxins,  and 
venoms  from  insects  and  snakes. 

• Those  involving  deliberate  cre- 
ation from  plant  pathogens  of  recom- 
binant DNA’s  that  are  likely  to  in- 
crease the  virulence  of  the  pathogenic 
material  or  the  range  of  susceptible 
species. 

• Those  involving  transfer  of  a 
drug-resistance  trait  to  microorgan- 
isms that  are  not  known  to  acquire  it 
naturally  if  this  could  compromise  the 
use  of  a drug  to  control  disease  in 
humans,  animals,  or  plants. 

Other  restrictions  concern  the 
volume  of  recombinant  DNA  to  be  pro- 
duced and  the  deliberate  release  of  or- 
ganisms into  the  environment: 

• Experiments  with  recombinant 
DNA’s  known  to  make  harmful  prod- 
ucts must  be  limited  in  scale  to  quanti- 
ties of  fluid  less  than  10  liters.  The 
RAC  may  make  exceptions  for  particu- 
lar experiments  deemed  to  be  of  direct 
societal  benefit,  if  appropriate  equip- 
ment is  used. 

• The  creation  of  organisms  with 
ability  to  carry  out  useful  environmen- 
tal functions  has  been  contemplated. 
Release  of  such  organisms  into  the  en- 
vironment may  be  required  to  test 
their  efficacy,  and  certainly  to  make 
use  of  them.  The  Guidelines,  however, 
prohibit  at  present  the  release  of  any 
organism  containing  a recombinant 
DNA  molecule. 

Alternatives:  RAC-Proposed  Revisions 

It  was  the  determination  of  the  Re- 
combinant Advisory  Committee  that 
advances  in  knowledge  pertaining  to 
recombinant  activities  in  past  years 
warranted  significant  revisions  in  the 


purpose,  definition,  and  prohibition 
sections  of  the  NIH  Guidelines.  A com- 
parison of  the  “purpose”  language  of 
the  current  Guidelines  with  that  of 
the  proposed  revised  guidelines  of  the 
RAC  (hereafter  called  "PRG-RAC”) 
reveals  that  the  standards  in  the  latter 
set  are  meant  to  pertain  to  recombin- 
ant DNA  molecules  in  organisms.  The 
analogous  language  in  the  current 
Guidelines  addresses  recombinant 
DNA  molecules  whether  or  not  they 
are  contained  within  a cell  or  virus. 
The  rationale  for  this  change  is  that 
DNA  by  itself  (commonly  referred  to 
as  “naked”  DNA)  is  extremely  unlike- 
ly to  be  hazardous  under  experimental 
conditions,  as  it  is  rapidly  inactivated 
in  nature. 

The  definition  in  the  PRG-RAC 
consists  of  two  parts:  (1)  an  operation- 
al definition  of  recombinant  DNA  and 
(2)  a qualification  that  the  Guidelines 
would  pertain  only  to  “novel”  recom- 
binant DNA’s.  The  operational  defini- 
tion does  not  differ  significantly  from 
that  in  the  original  Guidelines. 

The  second  part,  however,  calls  for 
the  creation  of  a list  of  organisms  that 
exchange  genetic  information  in 
nature,  commonly  referred  to  as  "non- 
novel exchangers.”  Recombinant  DNA 
formed  with  DNA  from  such  organ- 
isms would  be  exempted  from  the  pro- 
visions of  the  Guidelines,  with  the  ra- 
tionale that  there  is  no  justification 
for  requiring  stringent  containment 
procedures  for  the  handling  of  recom- 
binations that  occur  regularly  in 
nature  and  are  not  known  to  be  associ- 
ated with  any  special  hazards. 

The  provision  of  an  open-ended  list- 
ing was  recommended  rather  than  is- 
suance of  a blanket  exemption,  be- 
cause this  would  allow  the  RAC  and 
NIH  to  consider  evidence  that  (1)  the 
putative  gene  transfers  do  take  place 
naturally  and  (2)  that  their  exemption 
from  the  Guidelines  is  justifiable. 

Although  the  PRG-RAC  deal  with 
prohibited  experiments  under  part  III, 
this  assessment,  for  purposes  that 
become  apparent  below,  will  consider 
the  definition,  exemptions,  and  prohi- 
bitions together  under  part  I. 

A major  proposed  revision  would 
give  the  Director,  NIH,  authority  to 
grant  exceptions  to  any  of  the  six  pro- 
hibitions. Such  a determination  must 
be  based  upon  the  recommendation  of 
the  RAC,  and  weight  must  be  given  in 
the  decision-making  “both  to  scientific 
and  societal  benefits  and  to  potential 
risks.”  The  rationale  for  this  proposed 
change  was  the  desire  of  the  RAC  not 
to  bar  automatically  the  conduct  of 
experiments  desirable  for  some  com- 
pelling social  or  scientific  reasons— for 
example,  risk  assessment. 

Alternatives:  Public  Commentators 

There  was  considerable  discussion  at 
the  public  hearings  over  the  scope  of 
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the  Guidelines.  Some  mentioned  that 
the  Guidelines  were  too  narrow  in 
their  preocuppation  with  recombinant 
DNA.  as  there  are  other  forms  of  ge- 
netic research  capable  of  producing 
cells  and  organisms  of  unknown  poten- 
tial hazard.  It  was  further  suggested 
that  the  title  of  the  Guidelines  be 
modified  to  reflect  their  concern  with 
experiments  involving  prokaryotes  and 
cells  In  culture  and  that  a companion 
document  be  released  dealing  with 
higher  eukaryotes.  On  the  other  hand, 
it  was  also  argued  that  genetic  re- 
search has  not  received  attention  far 
beyond  its  due  and  that  other  matters 
of  experimentation  await  their  turn. 

It  Is  true  that  other  techniques  in 
genetic  research,  such  as  cell  fusion 
and  chromosome  transfer,  may  result 
In  formation  of  recombinant  mole- 
cules. However,  there  are  inherent  in 
these  techniques  a range  of  natural 
barriers  to  the  formation  of  hazardous 
organisms  which  apparently  afford 
adequate  containment,  making  unnec- 
essary the  issuance  of  Federal  stand- 
ards. Such  techniques  have  been  used 
in  the  laboratory  for  decades  with  no 
known  harmful  effects  on  either  the 
public  health  or  the  environmnent. 
The  entire  area  of  laboratory  safety  is 
of  primary  concern  to  NIH  and  is  the 
subject  of  constant  review  and  atten- 
tion. 

There  were  several  suggestions  that 
the  purpose  of  the  Guidelines  be  more 
clearly  stated  and  that  terms  be  more 
precisely  identified.  Therefore,  the 
sections  "Purpose.’'  "General  Applica- 
bility." and  "General  Definitions" 
have  been  added  to  part  I of  the  guide- 
lines now  being  proposed  by  NIH— 
hereafter  called  "PRG-NIH." 

Purpose  of  the  guidelines 

The  Introduction  to  the  1978  Guide- 
lines states  that  "the  purpose  of  these 
Guidelines  Is  to  recommend  safe- 
guards for  research  on  recombinant 
DU  A molecules.  ” As  noted  above,  to 
eliminate  the  handling  of  naked  DNA 
from  the  Guidelines,  the  PRG-RAC 
proposed  this  passage  to  read  that  the 
purpose  is  to  "establish  procedures  for 
handling  organisms  and  viruses  con- 
taining recombinant  DNA  molecules." 

This  proposed  revision  would  have 
had  the  effect  of  removing  from  cover- 
age by  the  guidelines  certain  experi- 
ments that  are  now  prohibited  by  the 
1978  Guidelines— for  example,  deliber- 
ate formation  of  "naked"  recombinant 
DNA-containlng  genes  for  the  biosyn- 
thesis of  potent  toxins.  The  Director, 
NTH.  proposes  to  resolve  this  issue 
conservatively.  The  language  in  the 
PRG-NIH.  therefore,  clearly  states 
that  the  Guidelines  are  intended  to 
pertain  to  the  construction  and  han- 
dling of  naked  recombinant  DNA  mol- 
ecules as  well  as  organisms  and  viruses 
containing  such  molecules. 


General  applicability 

Many  commentators  urged  that  a 
statement  of  general  applicability  of 
the  Guidelines  be  included  in  an  early 
part.  The  issues  relate  to  (1)  the  appli- 
cability of  the  Guidelines  to  non-NIH- 
funded  research  with  recombinant 
DNA  at  institutions  receiving  NIH 
funds  for  this  purpose.  (2)  the  applica- 
bility of  the  Guidelines  to  NIH-sup- 
ported  recombinant  DNA  research 
conducted  in  foreign  countries,  and  (3) 
the  location  of  responsibility  for  en- 
suring compliance  with  the  Guide- 
lines. Therefore,  a section  entitled 
"General  Applicability"  now  appears 
after  the  "Purpose”  section  in  Part  I 
of  the  PRO-NIH. 

The  existence  of  guidelines  for  re- 
combinant DNA  research  assumes 
their  general  application.  Partial  ad- 
herence within  an  Institution  would 
defeat  the  purpose  of  extending  mam- 
mal protection  to  the  community. 
Thus.  It  would  be  Inconsistent  for  NIH 
to  provide  funds  for  biomedical  re- 
search activities  to  an  Institution  that 
did  not  meet  the  standards  of  the 
Guidelines  in  all  of  Its  recombinant 
DNA  research,  regardless  of  the 
source  of  funding.  This  principle  is 
now  stated  explicitly  in  the  Guide- 
lines. and  we  intend  to  consider  with- 
holding NIH  funds  as  a sanction 
against  violation. 

Rules  must  be  established  for  the 
conduct  of  recombinant  DNA  activities 
funded  by  NIH  in  other  countries. 
Generally,  the  requirements  in  force 
in  those  countries  shall  apply.  A 
Memorandum  of  Understanding  and 
Agreement  (MUA)  must  still  be  filed 
with  NIH.  indicating  specifically 
which  guidelines  will  govern  the  activi- 
ties: and  NIH  reserves  the  right  to 
withhold  funding  If  the  safety  prac- 
tices to  be  employed  are  not  reason- 
ably consistent  with  the  NIH  Guide- 
lines. An  explicit  statement  about  this 
has  been  Inserted  in  the  PRG-NIH. 

Part  IV  of  the  PRO-NIH  defines  the 
responsibilities  of  all  Individuals  and 
organizational  entities  Involved  in  the 
conduct  and  review  of  a recombinant 
DNA  activity.  Two  years  of  experience 
with  administering  the  NIH  Guide- 
lines have  demonstrated  that  the  ulti- 
mate responsibility  for  ensuring  com- 
pliance must  be  borne  by  the  Institu- 
tion where  the  research  is  being  done. 
This  implies  some  discretion  under 
well-defined  limits  for  interpretation 
of  common  standards,  and  Imposes  a 
requirement  for  local  expertise  other 
than  the  investigator's.  Accordingly, 
part  I of  the  PRG-NIH  now  requires 
that  an  individual  receiving  NIH  sup- 
port for  recombinant  DNA  research  be 
associated  with  an  institution  that  is 
willing  and  able  to  accept  the  responsi- 
bilities and  conditions  of  local  gover- 
nance. described  more  explicitly  in 
Part  IV  of  the  PRG-NIH. 


Definition  of  recombinant  DNA  mole- 
cules 

It  became  apparent  from  the  com- 
ments received  that  the  PRG-RAC 
definition  was  inadequate  in  not  ad- 
dressing the  handling  of  recombinant 
DNA  molecules  containing  segments 
of  chemically  synthesized  DNA.  It  was 
decided  that  the  most  effective  way  to 
achieve  this  objective  is  simply  to  in- 
clude "natural  or  synthetic  DNA”  in 
the  definition  of  a recombinant  DNA 
molecule,  and  this  has  been  inserted  in 
the  PRG-NIH  definition.  A new  sec- 
tion. therefore,  has  also  been  aded  to 
part  III  of  the  PRG-NIH  giving  con- 
tainment levels  for  work  with  recom- 
binant DNA  molecules  containing  syn- 
thetic DNA. 

A perceived  ambiguity  in  the  PRG- 
RAC  definition  has  been  corrected  by 
the  Inclusion  of  language  within  the 
PRG-NIH  definition  which  explicitly 
states  that  DNA  molecules  resulting 
from  the  replication  of  recombinant 
DNA  molecules  are  subject  to  the 
safety  provisions  of  the  Guidelines. 

Finally,  no  other  provisions  of  the 
PRG-RAC  definition  evoked  as  much 
comment  as  did  the  wording  to  ex- 
clude "non-novel"  recombinant  DNA 
from  the  standards.  The  ambiguity  of 
such  phrases  as  "known  to  exchange 
chromosomal  DNA”  and  "by  natural 
physiological  processes"  was  strongly 
noted.  A greater  degree  of  clarity  and 
objectivity  is  needed.  Thus,  it  has  been 
decided  to  eliminate  in  the  PRG-NIH 
the  two  conditions  cited  above  as  crite- 
ria for  exemption  from  the  Guidelines. 
Staff  discussions  of  the  public  com- 
ments made  it  clear  that  inclusion  of 
exemption  provisions  within  the  defi- 
nition Itself  was  not  desirable:  several 
attempts  at  appropriate  language  did 
not  bear  careful  scrutiny. 

Given  this  situation,  and  also  the  re- 
alization that  certain  categories  of  re- 
combinant DNA  experiments  are 
indeed  so  apparently  free  of  causing 
harm  that  they  should  not  come 
under  the  Guidelines,  the  criterion  of 
"novelty"  was  removed  from  the  defi- 
nition and  used  as  a basis  for  the  de- 
velopment of  a new  section  entitled 
"Exemptions." 

Exemptions 

The  nature  of  the  public  comments 
on  the  PRG-RAC  exclusion  of  non- 
novel exchangers  can  be  divided  into 
two  categories— those  that  pertain  to 
the  proposed  standards  and  those  to 
the  proposed  process. 

The  standards  proposed  by  the 
PRG-RAC  were  that  novel  recombin- 
ant DNA's  consist  of  "segments  of  any 
DNA  from  different  species  not  known 
to  exchange  chromosomal  DNA  by 
natural  physiological  processes  * * *. 
In  general,  recombinant  DNA  mole- 
cules • • • will  not  be  considered  novel 
when  all  the  components  are  derived 
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from  genomes  known  to  replicate 
within  the  organism  used  to  propagate 
the  recombinant  DNA."  This  is  quali- 
fied, however,  by  a footnote  stating 
that  "recombinant  DNA  formed  be- 
tween segments  of  eukaryotic  viral 
DNA  and  any  eukaryotic  DNA  * * * 
shall  not  be  excluded  • • * until  such 
time  as  there  is  more  information 
about  the  extent  of  naturally  occur- 
ring recombinational  events  between 
these  DNA's.” 

The  public  comments  on  these 
standards  raised  a number  of  issues. 
For  example,  some  said  that  safety 
rather  than  novelty  should  be  the  cri- 
terion for  exclusion.  That  is,  any  re- 
combinant molecule  that  poses  a 
threat  to  the  public  health  or  the  en- 
vironment should  be  covered  by  the 
Guidelines  regardless  of  whether  the 
molecule  is  a novel  one.  Others  held 
that  the  proper  criterion  should  not 
be  safety,  but  rather  whether  the  po- 
tential hazard  of  the  recombinant 
DNA  molecule  differs  significantly  in 
degree  or  in  kind  from  those  found  in 
nature  or  from  biohazards  that  are 
successfully  handled  by  conventional 
methods.  It  proved  impossible  to  rec- 
oncile these  differences  of  opinion  in 
the  deinition  itself  and  so  an  “Exemp- 
tions” section  was  drafted  by  NIH 
staff  in  conjunction  with  an  RAC 
working  group.  It  should  be  noted  that 
no  provision  in  that  section  may  be 
cited  to  exempt  from  the  Guidelines 
an  activity  listed  in  the  "Prohibitions” 
section. 

The  first  exemption  concerns  recom- 
binant DNA  molecules  that  are  not  in 
organisms  or  viruses.  This  is  in  recog- 
nition that  "naked”  DNA,  which  is 
rapidly  inactivated  in  nature,  is  ex- 
tremely unlikely  to  be  hazardous 
under  experimental  conditions.  To 
guard,  however,  against  the  remote 
possibility  that  potentially  harmful 
naked  recombinant  DNA  will  be  incor- 
porated into  an  organism,  the  han- 
dling of  certain  naked  recombinant 
DNA  molecules  described  in  the  "Pro- 
hibitions” section  remains  prohibited. 
It  should  also  be  noted  that  the  con- 
cept of  extremely  low  hazard  of  naked 
recombinant  DNA  was  included  in  the 
PRG-RAC  in  the  section  on  "Han- 
dling Recombinant  DNA  Molecules”  at 
the  end  of  Part  III.  This  language  is 
more  appropriately  presented  under 
the  "Exemptions”  section. 

The  section  exemption  pertains  to 
recombinant  DNA  molecules  consist- 
ing entirely  of  DNA  segments  from  a 
single  non-chromosomal  or  viral 
source.  This  statement  clarifies  a cate- 
gory of  “self-cloning”  experiments 
that  are  considered  safe  enough  to  be 
excluded  from  the  Guidelines.  This  is 
a concept  which  the  RAC  tried  to 
convey  in  the  PRG-RAC  definition  by 
use  of  the  phrase  "different  genomes” 


but  which  some  commentators  found 
ambiguous. 

The  third  exemption  concerns  “self- 
cloning.” It  exempts  from  the  Guide- 
lines recombinant  DNA  molecules 
made  entirely  from  the  DNA  of  a 
single  organism,  including  the  indig- 
enous plasmids,  viruses,  mitochondria, 
or  chloroplasts,  when  propagated  only 
in  that  oranism  (or  a closely  related 
strain  of  the  same  species).  This  par- 
tially responds  to  the  suggestion  made 
by  many  commentators  that  experi- 
ments previously  classified  as  P1  + 
EK1  be  excluded  from  the  Guidelines. 
It  also  covers  some  of  the  cases  the 
RAC  was  including  in  the  concept  of 
"novelty”  and  “different  genomes.” 
This  exemption,  however,  does  not  in- 
clude recombinant  DNA  molecules 
formed  between  viral  DNA  and  eukar- 
yotic host  DNA.  In  this  regard  it  is 
analogous  to  footnote  I of  the  PRG- 
RAC. 

The  fourth  exemption  covers  "cer- 
tain specified  recombinant  DNA  mole- 
cules that  consist  entirely  of  DNA  seg- 
ments from  different  species  that  ex- 
change DNA  by  known  physiological 
processes.”  In  this  case  a list  is  pre- 
pared and  periodically  revised  by  the 
Director,  NIH,  on  the  recommendation 
of  the  RAC,  after  appropriate  notice 
and  opportunity  for  public  comment. 
This  list  is  analogous  to  the  list  of 
“non-novel  exchangers”  proposed  in 
the  PRG-RAC.  Appendix  A to  the 
PRG-NIH  gives  a proposed  list  for 
this  exemption.  This  list  is  discussed 
in  Appendix  D to  the  present  docu- 
ment. 

The  fifth  exemption  allows  the  Di- 
rector, NIH,  on  the  recommendation 
of  the  RAC  and  after  appropriate 
notice  and  opportunity  for  public  com- 
ment, to  exempt  other  classes  or  re- 
combinant DNA  molecules  if  he  finds 
that  "they  do  not  present  a significant 
risk  to  health  or  the  environment.” 
This  language  for  exempting  classes  of 
experiments  is  used  in  proposed  legis- 
lation (H.R.  11192)  recently  reported 
out  of  the  Committee  on  Interstate 
and  Foreign  Commerce  and  the  Com- 
mittee on  Science  and  Technology  of 
the  U.S.  House  of  Representatives. 

In  addition  to  these  comments  per- 
taining to  the  standards  for  exemption 
in  the  PRG-RAC,  the  following  were 
directed  toward  the  processes  whereby 
exemption  would  be  made: 

• Rather  than  compile  a list  of  non- 
novel exchangers  exempt  from  the 
Guidelines,  the  burden  of  proof 
should  be  on  the  Director  to  compile  a 
list  of  novel  exchangers  that  are  sub- 
ject to  the  Guidelines. 

• The  procedures  and  criteria  used 
in  the  development  of  the  list  should 
be  thoroughly  explained,  and  ade- 
quate opportunity  should  be  given  for 
public  review  and  comment. 


• Before  an  organism  is  placed  on 
the  list,  all  the  data  pertaining  to  the 
application  should  be  available  for 
public  review. 

In  response  to  these  comments,  the 
PRG-NIH  specifies  that  for  exemp- 
tions I-E-4  and  I-E-5— the  two  that  in- 
volve the  development  of  “lists”— the 
Director,  NIH,  on  the  advice  of  the 
RAC,  will  develop  lists  after  appropri- 
ate notice  and  opportunity  for  public 
comment.  The  initial  list  proposed  in 
Appendix  A to  the  PRG-NIH  is  sub- 
mitted for  public  comment  along  with 
the  entire  revision  of  the  Guidelines. 
In  the  future,  appropriate  notice  and 
opportunity  for  public  comment  will 
precede  any  additions  to  Appendix  A 
or  exemption  I-E-5. 

Prohibitions 

Two  changes  in  this  section  have 
been  initiated  to  make  it  more  com- 
patible with  the  new  "Definition”  and 
"Exemptions”  sections.  The  first  was 
to  transfer  this  section  from  Part  III 
of  the  Guidelines  to  Part  I,  reempha- 
sizing that  the  exemptions  are  not  ap- 
plicable to  the  six  activities  listed  as 
prohibited.  The  second  was  to  drop  all 
references  to  novel  recombinant 
DNA’s  and  natural  genetic  exchange. 
Other  alternatives  suggested  by  com- 
menters: 

• There  was  a general  endorsement 
for  the  provision  in  this  section  which 
grants  to  the  Director,  NIH,  upon  the 
recommendation  of  the  RAC,  the  au- 
thority to  waive  any  of  the  prohibi- 
tions. The  widespread  support  for  this 
authority  reflects  the  realization  that 
many  important  risk-assessment  ex- 
periments would  not  be  able  to  pro- 
ceed otherwise.  NIH  is  now  supporting 
and  will  continue  to  support  experi- 
ments that  will  yield  knowledge  con- 
tributing to  a better  understanding  of 
the  nature  of  potential  risks  of  recom- 
binant DNA. 

• It  was  urged  that  the  advice  of 
other  Government  agencies,  such  as 
the  Environmental  Protection  Agency 
and  the  Occupational  Safety  and 
Health  Administration,  should  be 
sought  when  the  Director,  NIH,  con- 
siders invoking  this  waiver  authority. 
The  Federal  Interagency  Committee 
on  Recombinant  DNA  Research  pro- 
vides for  coordination  of  policies  in 
this  area.  EPA  and  OSHA  are  repre- 
sented on  the  Committee.  The  advice 
of  relevant  research  and  regulatory 
agencies  will  continue  to  be  sought 
when  appropriate. 

It  was  suggested  that  the  RAC  as 
presently  constituted  should  not  be 
the  sole  advisory  body  because  societal 
as  well  as  scientific  considerations 
must  enter  into  the  waiver  decision.  As 
explained  in  greater  detail  in  Part  IV 
of  this  document,  the  membership  of 
the  RAC  will  be  broadened  modestly 
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as  needed  for  expertise,  but  provision 
(or  public  notice  and  opportunity  to 
comment,  and  other  appropriate  ad- 
ministrative practices,  can  be  used  to 
insure  adequate  public  Input  when  the 
issues  warrant. 

• It  was  suggested  that  an  Environ- 
mental Impact  Assessment  or  State- 
ment should  accompany  each  waiver. 
Waiver  decisions  will  include  a careful 
consideration  of  the  potential  environ- 
mental impact,  and  certain  decisions 
may  be  accompanied  by  a formal  as- 
sessment or  statement.  This  must  be 
determined  on  a case-by-case  basis 

• It  was  suggested  that  waiver  of 
the  prohibition  on  the  large-scale  use 
of  cultures  containing  recombinant 
DMA  s be  issued  on  the  basis  of  indus- 
try's experience  in  dealing  with  such 
cultures.  While  experience  will  surely 
be  weighed  In  the  decision  mat  mg.  It 
whould  not  be  the  sole  criterion  for 
granting  such  a waiver. 

• Agricultural  scientists  noted  the 
importance  to  their  research  commu- 
nity of  being  allowed  eventually  to  re- 
lease organisms  containing  recombin- 
ant DMA  into  the  environment.  When 
the  original  Guidelines  were  proposed 
to  the  NIH  Director  in  draft  form  in 
1976.  the  release  of  organisms  contain- 
ing recombinant  DNA  molecules  Into 
the  environment  was  to  be  allowed  If  a 
series  of  controlled  tests  had  been 
done  to  leave  no  reasonable  doubt  of 
safety.  This  waiver  provision  was  re- 
jected at  that  time  because  of  the  lim- 
ited scientific  evidence  available  that 
any  of  the  potential  benefits  from 
such  a release  were  near  realization. 
As  now  proposed,  the  prohibition  of 
deliberate  release  into  the  environ- 
ment of  recombtnant-DNA-coataining 
organisms  can  be  waived  If  all  the  re- 
quirements for  a waiver  (and  those  of 
the  National  ftirtronmental  Policy 
Act ) are  met.  Given  the  limited  experi- 
ence of  NTH  in  agricultural  research, 
the  VS.  Department  of  Agriculture 
would  hare  to  be  deeply  Involved  in 
this  process,  and  written  notice  of  this 
suggestion  has  been  given  to  the  ap- 
propriate officials  at  USD  A. 

• The  Standing  Advisory  Committee 
on  Recombinant  DNA  Research  of  the 
European  Molecular  Biology  Organi- 
sation UMBO)  has  noted  that  the  list 
of  pathogenic  organisms  under  prohi- 
bition I-D-l.  especially  those  tn  Class 
5.  may  not  be  appropriate  for  all  Euro- 
pean countries.  The  decision  as  to 
which  pathogenic  organisms  should  be 
classified  as  too  dangerous  to  work 
with  must  be  the  responsibility  of  na- 
tional or  regional  authorities.  EMBO 
has  recommended  that  a footnote  be 
added  to  the  Guidelines  stating  that 
the  prohibition  of  etio logic  agenu  re- 
lates to  research  tn  the  United  States. 
Such  a footnote,  however,  is  unneces- 
sary because  those  Guidelines  are  di- 


rected to  NTH  grantees  and  contrac- 
tors. aim ort  all  within  this  country. 

• A final  change  in  the  PRG-NIH 
relates  to  prohibition  I-D-L  As  dis- 
cussed in  detail  In  the  Decision"  ac- 
companying the  PRG-NIH.  the  prohi- 
bition against  using  in  recombinant 
DNA  experiments  vesicular  stomatitis 
virus  and  oncogenic  viruses  classified 
by  the  National  Cancer  Institute  as 
“moderate  nsk"  has  been  lifted. 

Proposed  Action.'  Environmental 
Impact  iufirvnl 

Part  I of  the  PRG-NIH  as  discussed 
in  this  Assessment  rests  on  the  past  2 
years  of  scientific  developments  relat- 
ing to  the  safety  of  recombinant  DNA 
research.  The  proposed  alternatives  to 
the  current  Guidelines  reflect  that  evi- 
dence. 

The  suggested  definition  in  the 
PR G- RAC  spoke  to  the  conclusion 
that  recombinant  DNA  molecules  only 
pose  s potential  hazard  when  placed  In 
an  organism,  and  that  events  In  the 
laboratory  which  mimic  those  tn 
nature  pose  no  special  hazard  to  work- 
ers or  the  environment.  The  commit- 
tee also  recommended,  and  there  was 
strong  public  support  for.  a mecha- 
nism to  allow  exceptions  to  the  "Pro- 
hibitions." as  for  the  conduct  of  rtsk- 
assessm«mt  research. 

The  PRG-NIH  also  Incorporate  a 
number  of  the  alternatives  to  the  1976 
Guidelines  suggested  by  the  public 
commentators.  A!!  of  the  changes  re- 
flected tn  the  PRG-NIH  permit  re- 
search to  go  forward  which  would  not 
have  a significant  effect  on  the  envi- 
ronment. Indeed,  additions  hare  been 
made  to  insure  that  the  safety  stand- 
ards are  extended  under  certain  cir- 
cumstances to  meet  environmental 
and  occupation  concerns. 

The  scope  of  the  Guidelines  contin- 
ues to  be  limited  to  recombinant  DNA 
research.  Other  techniques  tn  genetic 
research,  such  as  cell  fusion  and  chro- 
mosomes transfer,  may  result  tn  the 
formation  of  recombinant  molecules; 
but  Inherent  tn  these  techniques  Is  a 
range  of  natural  barriers  to  the  forma- 
tion of  hazardous  organisms,  and  thus 
the  issuance  of  Federal  standards  is 
unnecessary.  It  should  also  be  noted 
that  such  techniques  have  been  used 
tn  the  laboratory  for  decades  with  no 
harmful  effects  on  either  health  or 
the  environment. 

The  definition  In  the  PRG-NIH 
clearly  states  that  the  Guidelines  are 
Intended  to  pertain  to  the  construc- 
tion and  handling  of  naked  recombin- 
ant DNA  molecules  as  well  as  organ- 
isms and  viruses  containing  such  mole- 
cules. This  is  to  insure  that  the  prohi- 
bitions on  the  use  of  naked  DNA 
remain  in  effect.  And  the  definition 
now  explicitly  Includes  synthetic  mole- 
cules under  the  standards  of  the 


Guidelines,  thereby  increasing  the 
margin  of  safety. 

In  response  to  the  recommendations 
of  public  commentators,  the  PRG- 
NIH  now  require  that  all  recombinant 
DNA  research  at  NTH- funded  institu- 
tions comply  with  the  safety  standards 
of  the  Guidelines  and  be  under  the 
purview  of  local  institutional  bioha- 
zard committees.  Again,  this  will  mini- 
mize the  environmental  impact,  if  any. 
of  this  research. 

The  list  of  exemptions,  as  previously 
explained,  provides  that  certain  re- 
combinant DNA  research  need  not  be 
subject  to  the  control  of  the  NTH 
Guidelines  on  the  basis  of  safety  to 
the  laboratory  personnel,  to  the  great- 
er community,  and  to  the  environ- 
ment. The  proposed  exemptions  in 
large  part  are  responsive  to  the  great 
number  of  comments  received.  The 

Prohibitions"  section,  in  the  1976 
Guidelines  under  Pan  III.  has  been 
transposed  to  Part  I In  the  PRG-NIH 
to  insure  that  none  of  the  ' Exemp- 
tions" apply  to  the  "Prohibitions." 
Thus,  once  again,  care  has  been  taken 
to  minimize  the  possibility  of  environ- 
mental impact. 

Under  the  first  exemption,  experi- 
ments with  recombinant  DNA  mole- 
cules that  are  not  tn  an  organism  need 
not  be  subject  to  the  Guidelines.  This 
is  based  on  the  safety  of  these  experi- 
ments. The  second  exemption  permits 
certain  “self-cloning"  experiments  to 
be  done  outside  the  jura  diet  ion  of  the 
Guidelines.  Again  the  basis  is  occupa- 
tional and  environmental  safety.  The 
third  exemption  also  concerns  “self- 
cloning”  and  permits  certain  experi- 
ments previously  classified  as  Pi  - UK  1 
to  be  excluded  from  the  Guidelines. 
This  was  strongly  endorsed  by  several 
public  commentators  on  the  basis  of 
no  hazard. 

The  fourth  exemption  deals  with  ex- 
periments that  mimic  exchanges  al- 
ready occurring  in  nature.  It  allows 
certain  of  the  experiments  previously 
classified  at  PI  - UK1  to  be  excluded 
from  the  Guidelines,  again  with  the 
strong  endorsement  of  several  public 
commentators  on  the  basis  of  no 
hazard.  The  final  provision  allows  ex- 
emptions when  it  is  found  that  experi- 
ments do  not  present  significant  nsk 
to  health  or  the  environment.  This 
standard  was  expressly  recommended 
as  the  basis  for  exemption  by  several 
public  commentators,  especially  from 
environmental  groups,  and  is  directly 
responsive  to  the  concerns  that  there 
be  an  explicit  reference  to  health  or 
the  environment  for  the  basis  of  ex- 
emption. Further,  in  the  exercise  of 
this  and  the  previous  exemption,  sev- 
eral procedural  requirements  have 
been  introduced  that  will  afford  sig- 
nificant opportunity  for  public  com- 
ment to  insure  appropriate  attention 
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to  occupational  and  environmental 
concerns. 

A waiver  provision  in  the  section  on 
"Prohibitions”  will  permit  NIH  sup- 
port and  conduct  of  risk-assessment 
experiments  of  crucial  importance  to 
the  determination  of  the  safety  of  this 
work.  Recommendations  from  the  sci- 
entific community,  the  public,  and  rel- 
evant Federal  agencies  will  be  sought 
for  their  advice  on  specific  projects. 
Waiver  decisions  will  include  a careful 
consideration  of  potential  environmen- 
tal impact. 

In  summary,  a number  of  safety 
standards  and  procedural  require- 
ments have  been  included  in  the  PRG- 
NIH  to  insure  minimal  environmental 
impact.  All  experiments  exempted 
from  the  Guidelines  are  of  minimal 
speculative  risk  and  present  no  signifi- 
cant hazard  to  health  or  the  environ- 
ment. 

II.  Containment 
Analysis  of  Current  Guidelines 

Two  approaches  to  the  problem  of 
containing  potentially  hazardous  or- 
ganisms form  the  basis  of  the  safe- 
guards recommended  by  the  guide- 
lines. Each  may  be  viewed  as  setting 
up  barriers  between  the  laboratory 
w'orker  and  the  organisms  and  be- 
tween the  laboratory  and  the  greater 
environment.  The  first  of  these  ap- 
proaches involves  the  limitation  of  the 
actual  physical  escape  of  organisms 
and  is  referred  to  as  "physical  contain- 
ment.” The  second  approach  is  the  use 
of  biological  barriers,  to  be  described 
later  as  "biological  containment.” 

(The  October  1977  EIS  on  the  cur- 
rent guidelines,  in  response  to  com- 
ments received  on  the  draft  EIS,  docu- 
ments in  considerable  detail  the  ade- 
quacy of  the  containment  require- 
ments and  show’s  the  bases  on  which 
judgments  in  this  regard  have  been 
made.) 

Physical  containment 

A major  aspect  of  physical  contain- 
ment is  the  set  of  standard  microbiolo- 
gical practices  that  have  been  devel- 
oped over  many  years  and  are  widely 
used  for  handling  pathogenic  organ- 
isms. In  the  hands  of  well-trained  per- 
sonnel, these  procedures  have  proved 
to  be  effective  both  in  laboratory  and 
clinical  settings.  A second  major 
aspect  of  physical  containment  in- 
volves the  use  of  special  kinds  of 
equipment  and  facilities  (1)  for  limit- 
ing the  spread  of  aerosols,  (2)  for  de- 
contamination and  containing  labora- 
tory air  and  w'astes,  and  (3)  for  re- 
stricting access  to  laboratories.  As 
with  standard  microbiological  tech- 
niques, the  type  of  equipment  and  fa- 
cilities are  not  new  but  have  been  de- 
veloped and  used  previously  for  con- 
tainment of  known  pathogens. 


The  guidelines  go  into  some  detail 
concerning  the  practices  and  facilities 
required  for  physical  containment. 
Four  levels  are  specified:  PI,  P2,  P3, 
and  P4,  in  the  order  of  increasing  safe- 
guards. PI  consists  in  the  use  of  the 
standard  microbiological  practices 
mentioned  above.  P2  and  the  next 
higher  level,  P3,  require  special  proce- 
dures and  facilities  designed  to  limit  to 
increasing  extents  any  possible  acci- 
dental escape  of  potentially  hazardous 
organisms.  Finally,  P4,  the  maximum 
level  of  containment,  requires  sophisti- 
cated and  isolated  facilities  designed 
for  maximum  containment. 

Each  of  the  levels  from  P2  through 
P4  assumes  that  the  standard  micro- 
biological practices  demanded  by  PI 
will  also  be  followed.  Furthermore,  for 
each  level,  relevant  training  of  person- 
nel is  mandatory.  The  training  is  to  In- 
clude the  nature  of  the  potential  haz- 
ards, the  technical  manipulations,  and 
instruction  in  the  biology  of  the  rele- 
vant organisms  and  systems.  Specific 
emergency  plans,  to  be  used  in  case  of 
accident,  are  required;  and  serological 
monitoring  is  to  be  provided  where  ap- 
propriate. 

Biological  containment 

Biological  containment  is  defined  as 
the  use  of  host  cells  and  vectors  with 
limited  ability  to  survive  outside  of 
very  special  and  fastidious  laboratory 
conditions  that  are  unlikely  to  be  en- 
countered by  escaped  organisms  in 
natural  environments.  This  is  an  inte- 
gral part  of  the  experimental  design, 
since  the  host  and  vector  will  need  to 
be  chosen,  in  any  given  experiment, 
with  a view  to  the  purpose  of  the  ex- 
periment as  well  as  to  containment. 

The  guidelines  stress  that  physical 
and  biological  containment  procedures 
are  complementary,  each  serving  to 
control  any  possible  failure  in  the 
order.  The  use  of  both  in  a given  ex- 
periment affords  much  higher  levels 
of  containment  than  either  alone. 
Therefore,  the  guidelines  always  rec- 
ommend both  a particular  level  of 
physical  containment  and  a level  of 
biological  containment  for  any  given 
experiment.  The  guidelines  explicitly 
recognize  that  better  physical  contain- 
ment capabilities  are  likely  to  evolve 
as  research  proceeds  and  may  reduce 
the  needs  for  the  standard  physical 
containment  procedures.  Such  innova- 
tions are  to  be  considered  as  part  of 
the  on-going  review  of  the  guidelines 
for  appropriate  revision. 

The  Use  of  Bacterial  Hosts  and  Vec- 
tors. In  recognition  of  the  relation  be- 
tween the  host-vector  system  required 
by  the  experiment  and  the  design  of 
suitable  biological  containment,  exper- 
ments  using  the  same  host-vector 
system  are  grouped  together.  At  pres- 
ent, the  system  of  choice  for  many  ex- 
periments is  the  common  laboratory 


bacterium  E.  coli,  strain  K-12,  and  in- 
dependent genetic  elements  (plasmids 
and  bacteriophage)  known  to  reside  or 
replicate  in  this  strain. 

There  are  several  factors  contribut- 
ing to  this  (discussed  more  fully  in 
part  III).  Strain  K-12  has  been  studied 
extensively  and  can  be  readily  manipu- 
lated for  recombinant  DNA  experi- 
ments. This  extensive  experience  and 
ease  of  manipulation  permit  modifica- 
tion of  E.  coli  K-12  and  vectors  used 
with  it  by  classical  genetic  techniques 
for  the  purpose  of  establishing  biologi- 
cal containment. 

The  guidelines  discuss  arguments 
against  as  well  as  for  the  use  of  E.  coli 
K-12.  The  main  aigument  against  it  is 
the  intimate  association  of  various 
other  strains  of  E.  coli  with  humans. 
By  reason  of  the  prevalence  of  E.  coli 
strains  (but  not  K-12)  in  mammals, 
the  guidelines  recommend  the  cau- 
tious use  of  E.  coli  K-12  host-vector 
systems  and  urge  that  efforts  be  ma,de 
to  develop  alternate  hosts  and  vectois. 

E.  coli  K-12  appears  to  be  harmless: 
It  does  not  usually  establish  itself  in 
the  normal  bowel  or  multiply  signifi- 
cantly in  the  alimentary  tract.  These 
facts  suggest  that  accidental  ingestion 
of  a small  number  of  bacteria  by  a lab- 
oratory worker  would  not  result  in 
their  extensive  spread  outside  the  lab- 
oratory. This  property  of  the  organism 
may  be  altered,  however,  when  the  in- 
fected person  is  taking  antibiotics  or 
has  certain  abnormal  digestive  condi- 
tions, and  it  is  recommended  that  such 
persons  not  work  for  the  duration  of 
the  abnormal  circumstances. 

While  E.  coli  K-12  does  not  establish 
itself  as  a growing  strain  in  the  normal 
bowel,  it  does  remain  alive  during  its 
passage  through  the  intestinal  tract. 
Therefore,  transfer  of  plasmid  or  bac- 
teriophage vectors  containing  foreign 
DNA  from  the  original  E.  coli  K-12 
host  to  bacteria  resident  in  the  intes- 
tines or  encountered  after  excretion 
must  be  considered.  The  guidelines 
take  into  account  the  transferability 
of  certain  vectors  in  recombinant  re- 
search. In  brief,  host-vector  systems 
derived  from  E.  coli  K-12  and  certain 
plasmids  or  bacteriophage  appear  to 
have  extremely  limited  ability  to 
spread  recombinant  DNA  molecules. 

Considering,  then,  the  properties  of 
E.  coli  K-12  and  the  known  plasmid 
and  bacteriophage  vectors,  the  guide- 
lines conclude  that  recombinant 
DNA’s  manipulated  through  such 
host-vector  systems  are  unlikely  to  be 
spread  by  the  ingestion  or  dissemina- 
tion of  the  few  hundred  or  thousand 
bacteria  that  might  be  involved  in  a 
laboratory  accident,  given  standard 
microbiological  practice.  Therefore, 
these  existing  systems,  and  analogous 
combinations  of  E.  coli  K-12  with 
other  vectors  and  bacteriophage,  are 
judged  to  offer  a moderate  level  of  bio- 
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logical  containment  and  are  defined  as 
EK1. 

As  with  physical  containment  levels, 
increasing  numbers  specify  increasing 
levels  of  biological  containment  for  E. 
coli  systems.  For  the  next  level,  called 
EK2,  host-vector  combinations  must 
be  demonstrated  to  provide  a high 
level  of  biological  containment  by  suit- 
able laboratory  tests.  Such  combina- 
tions are  obtained  by  genetic  modifica- 
tion of  either  E.  coli  K-12  host  cells  or 
the  relevant  plasmids  and  bacterio- 
phage or  both.  Various  examples  of 
the  types  of  necessary  modifications 
are  suggested  in  the  guidelines. 

One  additional  level  of  contained  E. 
coli  host-vector  systems,  defined  in 
the  guidelines,  is  called  EK3.  EK3  sys- 
tems are  EK2  systems  for  which  the 
specified  containment  properties  have 
been  demonstrated,  not  only  by  micro- 
biological and  genetic  analysis  but  by 
appropriate  tests  In  animals,  including 
humans  or  primates  and  other  rele- 
vant environments. 

EK2  and  EK3  host-vector  systems 
must  be  certified  as  such  by  the  Direc- 
tor. N1H.  after  evaluation  and  recom- 
mendation by  the  Recombinant  Advi- 
sory Committee. 

Alternative *:  RAC -Proposed  Revisions 
Physical  containment 

Two  major  changes  wpre  proposed  in 
the  physical  containment  section  of 
the  PRG-KAC.  One  deals  with  the  or- 
ganization of  the  section:  the  other  in- 
corporates Into  the  PRO-RAC  the 
philosophy  and  guidance  of  the  report 
of  the  NTH/European  Molecular  Biol- 
ogy Organization  (EMBO)  workshop 
on  parameters  of  physical  contain- 
ment. 

Physical  containment  requirements 
for  each  P-level  have  been  organized 
under  the  topic  headings  "laboratory 
Practices.”  "Containment  Equip- 
ment.” and  “Special  Laboratory 
Design.”  This  was  done  to  emphasize 
the  importance  of  laboratory  practices 
and  containment  equipment  in  achiev- 
ing the  desired  safety  objective. 

Other  proposed  revisions  contained 
in  the  physical  containment  section 
reflect  a conscious  effort  to  encourage 
international  uniformity  with  respect 
to  recombinant  DNA  guidelines.  This 
has  been  achieved  by  revising  the  con- 
tainment descriptions  so  that  they  are 
consistent  with  the  guidance  provided 
In  the  NIH/EMBO  report.  In  addition, 
some  statements  have  been  rewritten 
and  others  added  in  order  to  clarify 
the  basic  requirements  for  each  level 
of  containment.  The  most  significant 
clarifications  have  been  made  in  the 
areas  on  containment  equipment  and 
special  facility  design.  The  revisions, 
however,  have  not  resulted  In  chang- 
ing the  purpose  or  intent  of  the  physi- 
cal containment  descriptions  in  the 
1976  guidelines. 


One  specific  addition  to  the  PRG- 
RAC  that  has  origuiated  from  the 
NIH,  EMRO  report  is  the  inclusion  of 
design  criteria  for  an  area  of  the  labo- 
ratory in  which  personnel  wear  posi- 
tive-pressure suits  ventilated  by  life- 
support  systems.  This  added  approach 
provides  a level  of  physical  contain- 
ment equivalent  to  that  afforded  by 
glove-box  cabinets  at  the  P4  level. 

Other  Important  recommended 
changes  include— 

• Certain  good  microbiological  prac- 
tices are  mandatory  at  the  PI  level  Li 
the  PRG-RAC  (the  1976  guidelines  en- 
courage but  do  not  require  such  prac- 
tices): 

• At  the  P2  level,  prohibitions 
against  eating,  drinking,  smoking,  and 
storage  of  foods  have  been  extended 
from  the  work  area  to  the  entire  labo- 
ratory; 

• The  universal  biohazard  sign  is 
now  required  at  the  P2  let  el.  and  its 
use  has  been  extended  to  equipment 
such  as  freezers  and  refrigerators  in 
which  organisms  containing  recom- 
binant DNA  molecules  are  stored; 

• Access  procedures  have  been  spec- 
ified for  controlled  areas  adjacent  to 
P3  laboratories; 

• Installation  of  foot-,  elbow-,  or 
automatically-operated  facilities  for 
washing  hands  Is  now  required  for  all 
laboratcries  in  which  P3-level  work  is 
done: 

• Specific  guidance  on  containment 
equipment  appropriate  for  laboratory 
animals  has  been  added  to  the  P3  and 
P4  sections;  and 

• The  labeling  requirements  for 
shipment  of  etioicgic  agents  now 
apply  to  all  organisms  containing  re- 
combinant DNA  moleciles.  Thus,  the 
Center  for  Disease  Control.  U.S. 
Public  Health  Service,  must  be  noti- 
fied in  the  event  of  any  accidental 
breakage  during  shipment.  ALso, 
agents  requiring  P4  containment  must 
be  packaged  according  to  strict  Feder- 
al standards  and  shipped  by  registered 
mail  or  an  equivalent  system  that  pro- 
vides for  sending  notifications  to  the 
shipper  upon  delivery. 

The  PRG-NIH  adopt  these  sugges- 
tions in  large  part.  Thus,  they 
strengthen  the  safety  standards  and 
procedures  for  physical  containment 
and  move  toward  international  agree- 
ment. 

Biological  containment 

The  PRG-RAC  describe  the  catego- 
ries of  hosts  and  vectors  to  be  used  in 
minimizing  the  spread  of  organisms 
containing  recombinant  DNA.  The 
PRG-RAC  differ  from  the  1976  guide- 
lines in  that  they  were  expanded  to  in- 
clude (1)  further  definitions  of  host- 
vector  systems,  (2)  a more  restrictive 
set  of  requirements  for  HV3  systems 
(see  below),  and  (3)  a new  section  de- 
scribing mechanisms  for  certification. 


Definitions  of  Host-Vector  Systems. 
A new  nomenclature— 1TV1.  HV2,  and 
HV3— was  developed  to  incorporate  a 
variety  of  hosts  and  vectors  into  the 
framework  initially  established  for  E. 
coli  K-12.  In  particular,  the  PRG- 
RAC  provide  criteria  for  HV1  systems 
oiher  than  E.  coli  K-12.  In  the  1976 
Guidelines,  cloning  systems  other  E. 
cop  FI-12  were  to  be  considered  only  if 
superior  to  K-12  in  containment  prop- 
erties: but  it  is  now  recognized  that 
many  useful  experiments  can  only  be 
conducted  using  host-vector  systems 
other  than  those  based  on  E.  coli  K- 
12.  and  that  such  experiments  should 
be  permitted  so  long  as  the  proposed 
system  provides  equivalent  biological 
containment.  The  new  HV1  criteria 
provide  a structure  for  approval  of  sys- 
tems that  meet  these  requirements.' 

Requirements  for  HV3  Systems. 
These  have  been  made  more  stringent 
than  the  corresponding  requirements 
for  EK3  in  the  1976  guidelines.  The 
PRG-RAC  require  that  the  vector  be 
dependent  on  its  propagation  host  or 
be  highly  defective  in  mobilizability. 
Also,  it  may  carry  no  markers  confer- 
ring resistance  to  antibiotics  used 
clinically  or  in  agriculture.  This  provi- 
sion should  preclude  any  inadvertent 
advantage  for  recomblnant-DNA-bcar- 
ing  vectors  that  encounter  antibiotics 
in  the  environment. 

Certification  of  Host-Vector  Systems. 
A ntw  section  has  been  added  detail- 
ing the  responsibility  for  certification 
of  HV1.  HV2.  and  HV3  systems,  the 
types  of  data  to  be  submitted,  and  the 
mechanisms  for  distributing  strains 
once  certified.  The  section  delineates 
procedures  used  by  the  RAC  for  the 
past  2 years  and  therefore  represents 
no  change  from  practices  under  the 
1976  guidelines. 

These  recommendations,  reflected  in 
the  proposed  revisions,  set  improved 
procedures  and  standards  to  meet  en- 
vironmental and  occupational  con- 
cerns. 

Physical  and  biological  interaction 

Another  specific  addition  to  the 
guidelines  that  has  originated  from 
the  NIH/EMBO  report  is  particularly 
notable— the  addition  of  tables  I and 
II  to  the  P3  and  P4  sections,  respec- 
tively. These  tables  show  combinations 
of  physical  and  biological  safeguards 
that  provide  similar  protection.  This 
approach  allows  flexibility  in  selecting 
comtainment  equipment  for  a particu- 
lar study  without  compromising 
safety. 

Alternatives:  Public  Commentators 

Commentators  have  expressed  par- 
ticular concern  over  (1)  the  flexibility 


•Under  the  proposed  revisions,  new  HVl's 
need  not  offer  a distinct  advantage  over  E. 
coli  K-12  host-vectors,  need  not  be  capable 
of  modification  to  HV2  and  HV3.  and  need 
not  be  class  1 etiologic  agents. 
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that  allows  various  combinations  of 
containment  safeguards,  (2)  the  ade- 
quacy of  risk-assessment  studies  in  re- 
lation to  physical  containment,  (3)  the 
adequacy  of  training  in  laboratory 
safety  practices.  (4)  plans  for  dealing 
with  emergencies,  and  (5)  various  as- 
pects of  the  biological  safety  concepts. 
NTH  has  considered  a number  of  rec- 
ommendations by  EMBO.  Public  com- 
mentators have  made  additional  sug- 
gestions relating  to  actions  at  specific 
levels  of  physical  containment  and  to 
shipment  of  recombinant  DNA  materi- 
als. 

Concept  of  "flexibility” 

Some  commentators  have  expressed 
concern  over  the  flexibility  provided 
in  tables  I and  II  which  allows  various 
combinations  of  containment  safe- 
guards. Some  feel,  for  example,  that 
work  in  a P3  facility  conveys  a desir- 
able sense  of  hazard,  whereas  a reduc- 
tion to  the  P2  level  will  promote  an 
undesirable  relaxation  of  vigilance.  It 
has  also  been  suggested  that  an  in- 
crease in  the  options  augments  the  dif- 
ficulty of  control  and  implementation. 
Some  commentators  object  to  specific 
options  provided  at  the  P3  and  P4 
levels. 

NTH  has  been  urged  to  include  a 
better  explanation  of  the  rationale  for 
flexibility.  Indeed,  the  calculus  of 
switching  physical  and  biological  con- 
tainment levels  has  been  questioned. 
Is  reducing  a physical  containment 
level  from  P3  to  P2  truly  compensated 
by  increasing  biological  containment 
from  EK1  to  EK2? 

The  scale  of  either  form  of  contain- 
ment from  least  to  greatest  is  not  nec- 
essarily linear,  and  substitutions  are 
only  roughly  approximate.  Neverthe- 
less. there  are  some  numerical  bases 
for  comparison.  At  the  P4  level,  for  ex- 
ample, a Class  in  biological  safety 
cabinet  is  required  (if  a positive-pres- 
sure suit  is  not  used);  whereas  one  can 
work  in  an  open-front  biological  safety 
cabinet  at  the  P3  leveL  Studies  using 
molecular  counts  of  gases  have  shown 
that  there  is  a 4-5  log  protection  in 
going  from  a Class  I or  II  biological 
safety  cabinet  to  a Class  III  cabinet — 
that  is,  from  P3  to  P4.  Similarly,  in 
going  from  PI  to  P3  there  may  be  a 4- 
5 log  increase  in  safety. 

The  measure  of  safety  provided  by 
open-front  biological  safety  cabinets, 
used  in  work  at  the  P2  and  P3  levels, 
consists  in  design  and  performance  cri- 
teria that  permit  fewer  than  20  micro- 
organisms to  escape  through  the  open 
front  when  1x10s  to  8x10s 
(100,000.000  to  800,000,000)  microor- 
ganisms are  experimentally  released 
within  the  cabinet.  (See  pp.  92-93  of 
the  1977  EIS  for  a more  detailed  dis- 
cussion of  safeguards  associated  with 
use  of  biological  safety  cabinets.) 


HV2  is  defined  in  terms  of  a prob- 
ability of  escape  of  recombinant  DNA 
of  less  than  10's  (1  in  100,000,000).  In 
considering  “equivalency”  between  P 
and  EK  levels,  it  is  recognized  that  the 
two  systems  are  conceptually  differ- 
ent. Biological  safety  cabinets  are  de- 
signed primarily  for  the  protection  of 
the  laboratory'  worker,  and  all  physi- 
cal containment  protection  stops  at 
the  walls  of  the  laboratory.  Biological 
containment  continues  to  operate  even 
if  an  organism  should  escape  from  the 
laboratory. 

The  flexibility  allowed  in  alternate 
P and  HV  levels  are  carefully  ex- 
plained in  the  text  of  the  PRG-NIH, 
and  the  investigator  must  follow  the 
explicit  requirements  set  forth  in  Part 
III  of  the  PRG-NIH  and  in  Tables  I 
and  H. 

Risk  assessment 

Many  commentators  have  urged 
more  studies  in  risk  assessment.  It  has 
been  maintained  that  assumptions 
about  biological  containment  may  not 
be  valid  and  that  all  components 
should  be  tested.  Concern  has  been  ex- 
pressed that  the  biological  contain- 
ment safety  systems  may  fail  altogeth- 
er. 

Some  risk-assessment  studies  are 
prohibited  by  the  1976  Guidelines. 
Under  the  PRG-RAC,  however,  the 
Director.  NTH,  on  recommendation  of 
the  RAC.  would  have  discretion  to 
permit  such  risk-assessment  experi- 
ments by  granting  a waiver  from  a spe- 
cific prohibition.  There  was  virtually 
nr.amirr.mis  support  for  this  discretion 
at  the  public  hearing  in  December 
1977.  Of  course,  its  exercise  must  be 
consistent  with  standards  of  due  proc- 
ess for  the  scientific  community  and 
the  public. 

Risk-assessment  studies  are  proceed- 
ing both  within  and  outside  the 
United  States.  NIH  is  committed  to 
the  conduct  and  support  of  such  stud- 
ies to  determine  the  extent  to  which 
certain  potentially  harmful  effects 
from  recombinant  DNA  molecules 
may  occur.  It  is  intended  that  the  NTH 
P4  facilities  at  the  Frederick  Cancer 
Research  Center  will  serve  as  a focal 
point  for  such  experiments.  Provisions 
have  already  been  made  to  share  these 
facilities  with  non-Federal  scientists. 

Training 

A number  of  commentators  urge 
that  specific  curricula  be  developed  for 
training  of  researchers  and  that  the 
Guidelines  stipulate  requirements  for 
certification  in  safety  practices.  NIH 
has  a contract  with  the  American  Soci- 
ety for  Microbiology  to  develop  mini- 
mum standards  for  training  partici- 
pants in  recombinant  DNA  research. 
The  work  panel’s  report  is  to  be  used 
by  the  IBCs  and  investigators  to  set 
appropriate  standards. 


Emergency  plans 

In  response  to  the  concerns  of  com- 
mentators. the  elements  of  emergency 
plans  to  handle  possible  safety  prob- 
lems are  described  more  clearly  in 
“Laboratory  Safety  Monograph— A 
Supplement  to  the  NIH  Guidelines  for 
Recombinant  DNA  Research.”  Fur- 
ther, NIH  staff  have  recently  met  with 
representatives  of  CDC  to  establish  a 
mechanism  for  providing  advice,  con- 
sultation, or  assistance  if  necessary  in 
case  of  an  emergency,  such  as  a labo- 
ratory accident  involving  recombinant 
DNA. 

Biological  containment  consider- 
ations 

Considerations  of  biological  contain- 
ment related  mainly  to  the  develop- 
ment of  alternative  host-vector  sys- 
tems. Many  commentators  from  the 
scientific  community  believe  that  the 
PRG-RAC  discriminate  against  host- 
vector  systems  alternate  to  E.  coli  K- 
12.  They  urge  development  of  other 
systems,  maintaining  that  they  will  be 
needed  increasingly  both  in  pure  re- 
search and  in  industry  and  should  be 
certified  as  soon  as  possible.  It  is  un- 
likely, according  to  one  commentator, 
that  agriculture  will  best  be  served 
through  the  use  of  E.  coli  K-12  (or  B. 
subtilis ) and  that  alternate  host-vector 
systems  are  essential  if  the  potential 
of  recombinant  DNA  technology  for 
agriculture  is  to  be  realized.  In  view  of 
the  support  evident  at  the  1976  public 
meeting  for  NIH  to  encourage  develop- 
ment of  alternate  host-vector  systems, 
one  commentator  expressed  disap- 
pointment that  there  was  not  a large 
NTH  contract  program  in  this  area. 

Others  view  the  introduction  of  al- 
ternate HV  systems  with  some  misgiv- 
ings. It  was  pointed  out,  for  example, 
that  if  uncertainty  continues  to  sur- 
round research  with  so  well-studied  an 
organism  as  E.  coli  K-12,  our  igno- 
rance must  be  that  much  greater  with 
regard  to  any  other  organism— its  eco- 
logical involvement,  the  organisms 
with  which  it  can  exchange  DNA,  etc. 
Moreover,  the  Guidelines,  which  have 
been  developed  around  the  use  of  E. 
coli  K-12,  are  primarily  focused  on 
dangers  to  man,  and  the  introduction 
of  new  systems  may  affect  other  life 
forms  with  which  we  should  be  equal- 
ly concerned.  In  the  view  of  commen- 
tators who  urge  restraint,  the  larger 
the  number  of  systems  certified,  the 
greater  the  problem  of  monitoring  the 
w'ork. 

Clearly,  however,  research  address 
to  the  development  of  other  host- 
vector  systems  must  proceed.  This  is 
particularly  evident  in  the  agricultural 
sector,  where  the  potential  for  imme- 
diate benefits  to  man  is  great.  At  pres- 
ent, a number  of  alternate  systems  are 
being  developed  by  N,IH  grantees.  In 
the  use  of  such  systems,  the  same  ccn- 
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siderations  of  safety  and  risk  associat- 
ed with  the  use  of  E.  coli  K-12  will,  of 
course,  apply. 

Mouth  pipetting  at  the  PI  level 

Both  the  1976  guidelines  and  the 
PRG-RAC  prohibit  mouth  pipetting 
at  the  P2.  P3.  and  P4  levels.  For  the 
PI  level,  however,  they  state.  "Al- 
though pipetting  by  mouth  is  permit- 
ted. it  is  preferable  that  mechanical 
pipetting  devices  be  used.”  A number 
of  commentators  have  urged  that 
mouth  pipetting  be  prohibited  at  the 
PI  level  of  physical  containment.  The 
decision  accompanying  the  PRG-NIH 
discusses  in  detail  the  arguments  of 
various  groups  on  both  sides  of  the 
Issue.  In  resolving  this,  the  Director, 
NIH.  has  decided  to  adopt  the  conser- 
vative position  and  ban  mouth  pipet- 
ting. Accordingly,  language  has  been 
Inserted  in  the  PRG-NIH  saying  that 
at  the  PI  level  "mechanical  pipetting 
devices  shall  be  used;  pipetting  by 
mouth  is  prohibited."  Since  mouth  pi- 
petting had  already  been  banned  at 
the  P2-P4  levels,  this  means  that 
mouth  pipetting  would  now  be  banned 
for  all  experiments  covered  by  these 
guidelines. 

Proposed  Action:  Environmental 
Impact  Assessment 

Physical  containment 

The  PRG-NIH  Include  the  following 
specific  changes  at  each  P level,  aimed 
at  clarifying  and  strengthening  physi- 
cal containment  requirements  and 
thereby  reducing  the  probability  of  re- 
combinant DNA  molecules  being  acci- 
dentally released  Into  the  environ- 
ment. 

PI  Level  The  1976  guidelines  estab- 
lish as  a principle  of  containment  the 
adherence  to  good  microbiological 
practices.  At  the  PI  level,  however, 
certain  practices  are  not  required  but 
merely  encouraged.  The  PRG-NIH 
now  make  adherence  to  certain  of 
these  practices  mandatory  at  all  four 
physical  containment  levels. 

A major  change  in  the  PRG-NIH  is 
the  banning  of  mouth  pipetting  at  the 
PI  level,  meaning  that  mouth  pipet- 
ting is  now  banned  for  all  experiments 
covered  by  the  guidelines.  Since  the 
only  plausible  way  E.  coli  K-12  could 
gain  entry  Into  laboratory  workers  is 
by  oral  ingestion,  this  ban  greatly  re- 
duces the  possibility  that  any  organ- 
isms containing  recombinant  DNA  will 
escape  and  thus  minimizes  the  risk  of 
environmental  Impact. 

P2  Level  The  PRG-NIH  have  ex- 
tended the  prohibitions  against  eating, 
drinking,  smoking,  and  storage  of 
foods  from  just  the  work  area  to  the 
entire  P2  laboratory.  This  change  was 
made  to  achieve  consistency  with  rec- 
ommended practices  in  laboratories 
where  research  with  low-risk  human 
pathogens  is  conducted. 


The  PRG-NIH  call  for  posting  of 
the  universal  biohazard  sign  on  stor- 
age freezers  and  refrigerators.  This  ad- 
ditional requirement  was  specified  to 
facilitate  safe  storage  of  organisms 
containing  recombinant  DNA  mole- 
cules when  research  with  them  is  not 
in  progress. 

P3  Level  In  the  PRG-NIH.  a con- 
trolled access  area  is  defined  as  one 
that  separates  the  P3  laboratory  from 
areas  open  to  unrestricted  traffic  flow. 
Access  procedures  for  this  area  are 
specified,  clarifying  the  juxtaposition 
of  the  P3  laboratory  and  uncontrolled 
areas. 

The  PRG-NIH  require  the  installa- 
tion of  foot,  elbow,  or  automatically 
operated  facilities  for  washing  hands 
in  laboratories  in  which  P3-level  work 
is  conducted.  This  additional  require- 
ment was  made  to  eliminate  the  possi- 
bility of  contaminating  faucets 
through  contact.  The  requirement  is 
consistent  with  practices  common  to 
Infectious  disease  laboratories. 

The  PRG-NIH  would  permit  recircu- 
lation of  untreated  air  within  individu- 
al rooms  of  the  P3  laboratory.  Such 
recirculation  can  conserve  energy 
without  compromising  safety.  Refer- 
ence to  recirculation  of  treated  air  to 
other  areas  of  the  building  has  been 
eliminated,  because  this  approach  to 
energy  conservation  Is  generally  not 
practical. 

Some  commentators  pointed  out 
that  the  PRG-RAC  did  not  require  an 
autoclave  in  the  P3  laboratory  itself 
but  only  within  the  building.  It  has 
been  suggested  that  the  autoclave 
should  be  as  close  as  possible  to  the 
controlled  area  of  the  P3  laboratory. 
The  language  of  the  1976  guidelines, 
stating  a preference  for  the  autoclave 
to  be  within  the  controlled  laboratory 
area,  is  therefore  retained  in  the 
PRG-NIH.  A requirement,  however, 
that  the  autoclave  be  within  the  con- 
trolled area  would  Increase  costs,  and 
In  the  view  of  NIH  would  not  add  mea- 
surably to  safety. 

P4  Level  In  the  PRG-NIH  the  mini- 
mal age  for  entry  Into  a P4  laboratory 
has  been  raised  to  18  years,  the  com- 
monly accepted  legal  age. 

The  PRG-NIH  specify  containment 
equipment  appropriate  for  the  isola- 
tion of  experimental  anirrals.  This  was 
added  because  the  lack  of  guidance  in 
the  current  guidelines  has  led  to  con- 
fusion in  their  application  to  animal 
experimentation. 

The  PGR-NIH  provide  flexibility  in 
selecting  combinations  of  physical  and 
biological  containment  to  be  used  for  a 
given  experiment.  All  possible  combi- 
nations available  for  selection  achieve 
P4-level  safety  objectives.  This  ap- 
proach was  patterned  after  the  guid- 
ance provided  in  the  NIH/EMBO 
r«*i  ort. 


The  PRG-NIH  specify  design  crite- 
ria for  a suit  area  where  personnel 
wear  positive-pressure  suits  that  are 
ventilated  by  life-support  systems. 
This  provides  an  option  to  the  class  III 
cabinet-system  requirement  at  the  P4 
level  of  physical  containment.  This 
option  has  been  used  successfuly  in  re- 
search with  extremely  hazardous 
human  pathogens.  Without  compro- 
mising safety,  it  provides  an  opportu- 
nity to  conduct  research  procedures 
that  cannot  be  confined  to  convention- 
al class  III  cabinet  systems. 

Shipmenl  In  the  PRG-NIH.  the  la- 
beling requirements  for  the  shipment 
of  etiologic  agents  apply  to  all  organ- 
isms containing  recombinant  DNA 
molecules,  rather  than  to  Just  those 
containing  molecules  derived  from  an 
etiologic  agent  listed  in  42  CFR  77.25. 
This  change  was  made  In  order  to 
Insure  that  the  Center  for  Disease 
Control.  U.S.  Public  Health  Service, 
would  be  notified  in  the  event  of  acci- 
dental breakage  during  shipment.  The 
PRG-NIH  also  specify  that  agents  re- 
quiring P4  physical  containment  must 
be  shipped  by  registered  mail  or  an 
equivalent  system  that  provides  for 
sending  notifications  to  the  shipper 
immediately  upon  delivery.  This 
change  would  Impose  on  the  shipment 
of  organisms  requiring  P4  contain- 
ment the  same  standards  used  for 
shipment  of  high-risk  human  patho- 
gens. 

Biological  containment 

A number  of  alternate  systems  tor 
biological  containment  are  being  de- 
veloped by  NIH  grantees,  including 
ones  using  Bacillus  subtilis  and  Sac- 
charomyces  cerevisiae.  To  assure  ade- 
quate safety  control,  a new  section  of 
certification  of  host-vector  systems 
has  been  added  to  the  guidelines.  HV1 
systems  other  than  E.  coli  K-12  are  re- 
viewed by  an  expert  working  group, 
then  by  the  RAC,  which  makes  appro- 
priate recommendatons  to  the  Direc- 
tor. NIH.  Descriptions  of  the  organ- 
ism. Its  biology,  and  the  characteristics 
of  the  particular  strains  to  be  used  are 
considered.  The  same  standards  of 
safety  and  risk  associated  with  the  use 
of  E.  coli  K-12  will  apply  to  any  new 
host-vector  systems  to  be  certified  in 
the  future. 

HV2  Level  For  the  HV2  level  of  con- 
tainment. the  RAC,  on  June  23.  1977. 
unanimously  approved  a document  en- 
titled “Instructions  to  Investigators 
Concerning  Data  To  Be  Submitted  on 
Host-Plasmid  Systems  Proposed  for 
EK2  Certification."  Although  not  offi- 
cially part  of  the  PRG-RAC.  this  doc- 
ument sets  forth  criteria  that  any  pu- 
tative EK2  host-vector  systems  must 
meet  before  recommendation  by  the 
RAC  for  certification  (see  appendix  H 
of  the  October  1977  EIS).  The  commit- 
tee applied  these  criteria  in  reviewing 
new  systems  (pBR322  and  pBR313  in 
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xl776)  at  the  June  23  meeting,  and 
will  do  so  for  all  future  submissions. 
These  criteria  are  clearly  more  strin- 
gent than  previous  ones,  and  this 
means  that  EK2  host-vector  systems 
approved  now  and  in  the  future  will  be 
even  safer  than  those  approved  previ- 
ously. 

KV3  Level  Requirements  for  HV3 
systems  have  been  made  more  strin- 
gent that  those  in  the  1976  guidelines. 
The  additional  requirements  mean 
that  only  some  HV2  systems  are  eligi- 
ble for  consideration  as  HV3  systems. 
This  should  significantly  increase  the 
containment  of  HV3  systems  and 
therefore  increase  the  safety  of  ex- 
perimentation. In  addition,  attempts 
to  develop  HV3  systems  that  meet 
these  criteria  should  simultaneously 
upgrade  the  HV2  systems  in  use.  since 
it  is  to  the  experimenter’s  advantage 
to  use  the  HV2  systems  that  have  the 
greatest  likelihood  of  meeting  HV3  cri- 
teria. 

Certification  of  HV  Systems.  A new 
section  has  been  added  to  clarify  re- 
sponsibility for  certification  of  all 
host-vector  systems,  the  types  of  data 
to  be  submitted,  and  the  mechanisms 
for  distributing  strains  once  certified. 
The  section  delineates  procedures 
used  by  the  RAC  for  the  past  year  and 
thus  represents  no  change  from  prac- 
tices under  the  1976  guidelines. 

Under  the  PRG-NTH,  HV1  systems 
other  than  E.  coli  K-12  and  HV2  and 
HV3  systems  are  considered  by  an 
expert  working  group  and  then  by  the 
RAC.  which  makes  appropriate  recom- 
mendations to  the  Director,  NTH. 
Modifications  of  HV2  and  HV3  sys- 
tems must  be  independently  certified 
by  NTH.  Data  to  be  submitted  are  de- 
tailed. All  HY2  and  HV3  systems  are 
to  be  obtained  from  NTH  or  its  desig- 
nee, and  recipients  are  to  report  to 
NTH  any  discrepancies  from  the  ex- 
pected properties.  If  the  strains  are 
propagated  by  NTH,  a sample  will  be 
tested  for  relevant  properties  prior  to 
distribution.  The  requirements  assure 
adequate  controls  in  the  certification 
and  distribution  of  host-vector  systems 
and  provide  sufficient  protection 
against  potential  hazards  to  the  envi- 
ronment. 

Containment  Properties  of  Hosts 
and  Vectors.  In  regard  to  containment 
properties  of  individual  organisms 
used  in  recombinant  DNA  research, 
recent  experimental  evidence  supports 
the  view  that  biological  containment 
works  well  This  is  particularly  borne 
out  by  results  from  experiments  spe- 
cifically designed  to  test  the  survivabi- 
lity and  colonizing  ability  of  E.  coli  K- 
12  and  EK2  host-vector  systems  and 
the  transmissibility  of  plasmids  and 
phage  vectors. 

At  the  time  of  the  release  of  the  cur- 
rent guidelines  in  1976,  EK2  systems 
were  defined  but  none  existed.  An  ex- 


tramural contract  program  was  initiat- 
ed to  develop  safer  host-vector  systems 
and  to  verify  their  genotypic  constitu- 
tion and  phenotypic  traits.  The  pro- 
gram is  administered  by  the  National 
Institute  of  Allergy  and  Infectious  Dis- 
eases. The  ability  of  these  systems  to 
survive  in  laboratory  and  natural  envi- 
ronments was  determined.  As  a result 
of  this  contract  program  and  of  work 
by  other  investigators,  a series  of  EK2 
host-vector  systems  was  developed. 
The  RAC  subjected  these  to  great 
scrutiny  and  finally  recommended 
them  for  certification.  A list  of  certi- 
fied EK2  host-vector  systems  appears 
in  appendix  H of  the  October  1977 
EIS. 

III.  Containment  Guidelines  for 
Covered  Experiments 

Analysis  of  Current  Guidelines 
E.  Coli  K-12  Host-Vector  Systems 

The  several  levels  of  physical  and 
biological  containment  are  defined  in 
part  H,  and  specific  recommendations 
are  given  for  experiments  using  the  E. 
coli  K-12  host- vector  systems.  Each 
type  of  experiment  is  assigned  both  a 
physical  containment  level  (that  is.  a 
P level)  and  a biological  containment 
level  (an  EK  level).  The  particular 
combination  of  the  two  reflects  the  se- 
verity of  the  estimated  potential 
hazard.1 

The  guidelines  are  organized,  for  the 
E.  Coli  systems,  according  to  the 
source  and  nature  of  the  foreign  DNA. 
A sample  of  DNA  containing  essential- 
ly all  the  genetic  information  of  an  or- 
ganism can  be  isolated  and  fragment- 
ed. If  the  experiment  involves  such  a 
mixture  of  DNA  fragments,  it  is  re- 
ferred to  as  a "shotgun”  and  will  call 
for  a certain  level  of  containment.  Ex- 
periments involving  such  mixtures  of 
DNA  fragments  are  assumed  to  be  of 
higher  potential  hazard  than  those 
done  with  a single,  purified  fragment, 
because  of  the  greater  likelihood  of 
dangerous  and  unknown  genes  being 
introduced  into  a recipient  cell  Puri- 
fied fragments  containing  mainly 
genes  whose  properties  are  known  and 
are  not  harmful  offer  less  potential 
hazard  than  a shotgun  experiment. 

In  some  instances,  the  foreign  DNA 
will  be  derived  from  extra  chromoso- 
mal genetic  elements.  Such  elements 
include  the  DNA  of  animal  viruses, 
plant  viruses,  other  eukaryote  organ- 
elles such  as  mitochondria  and  chloro- 
p lasts,  as  well  as  prokaryote  plasmids 
or  bacteriophages  of  the  same  type 
used  as  vectors.  Each  of  these  cases  is 
treated  separately  in  the  guidelines. 
The  prokaryote  sources  are  treated 
differently,  depending  on  whether  the 


•In  the  PRG-NTH  the  EK  systems  sue  In- 
cluded in  the  broader  HV  (host-vector)  cate- 
gories created  to  accommodate  potential 
systems  ranging  beyond  E.  Coli  K-12. 


"foreign”  DNA  is  from  an  organism 
that  does  or  does  not  exchange  genetic 
information  with  E.  Coli  in  nature. 

The  physical  and  biological  contain- 
ment is  listed  for  various  possible  DNA 
sources:  both  must  be  used,  as  they 
complement  each  other.  For  example. 
DNA  from  primates  requires  the  most 
stringent  containment,  since  the  esti- 
mated potential  hazard,  either  from 
genes  that  might  function  in  humans 
with  untoward  effects  or  from  patho- 
genic viral  DNA's  residing  in  primate 
tissue,  is  judged  to  be  most  serious. 
The  experiments  now  require  either 
P3  + EK3  or  P4  + EK2;  and  it  should 
be  noted  that  only  the  latter  combina- 
tion is  feasible  at  present,  and  then 
only  at  the  limited  number  of  P4  fa- 
cilities. 

In  two  instances— primates  and  cold- 
blooded vertebrates — containment  re- 
quirements are  lower  if  the  DNA  is  iso- 
lated from  embryonic  tissue,  or  germ- 
line material,  since  such  material  is 
less  likely  to  be  contaminated  by 
pathogenic  viruses  than  is  adult  tissue. 
Thus,  if  the  foreign  DNA  is  from  cold- 
blooded vertebrates,  P2  and  EK2  are 
required,  but  P2  and  EK1  can  be  used 
if  the  DNA  is  from  embroyonic  or 
germ-line  tissues.  If  the  cold-blooded 
vertebrate  is  known  to  produce  a 
potent  toxin,  P3  and  EK2  must  be 
used.  In  some  instances — lower  eukar- 
yotes, for  example— the  guidelines  re- 
quire more  or  less  stringent  condi- 
tions, depending  on  whether  or  not 
the  source  of  foreign  DNA  is  known  to 
be  pathogenic  or  toxigenic,  or  might 
be  infected  with  a pathogen,  or  is 
known  to  make  a harmful  product. 

The  guidelines  for  shotgun  experi- 
ments, when  the  source  of  the  DNA  is 
a prokaryotic  organism,  may  be  sum- 
marized. First  those  prokaryotes  that 
are  known  to  exchange  genetic  infor- 
mation with  E.  Coli  in  nature  are  con- 
sidered. The  containment  require- 
ments are  low  for  this  group,  since  it  is 
unlikely  that  the  experiments  will 
create  new  genetic  combinations.  Re- 
quirements vary  with  the  pathogeni- 
city of  the  source  of  foreign  DNA. 
When  the  source  is  a prokaryote  that 
does  not  naturally  exchange  genetic 
material  with  E.  Coli,  the  containment 
recommendations  are  high,  for  there 
is  a greater  potential  for  new  genetic 
combinations  to  be  formed  and  ex- 
pressed. Further,  it  is  assumed  that 
the  more  similar  the  DNA’s  of  donor 
and  host,  the  greater  the  probability 
of  expression  of  foreign  DNA  or  of 
derepression  of  host  genes. 

Characterized  clones  obtained  from 
shotgun  experiments  may  not  be  as 
potentially  hazardous  as  the  original 
mixture  of  cells.  Cloning  of  the  recipi- 
ent host  cell  containing  the  DNA  frag- 
ment of  interest  will  be  one  of  the 
normal  aims  of  any  recombinant  DNA 
experiment.  The  guidelines  state  that 
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experiments  involving  a clone  derived 
from  a shotgun  experiment  can  be 
done  under  PI  + EK1  conditions  if 
the  clone  has  been  rigorously  charac- 
terized and  is  free  of  harmful  genes 
and  If  the  foreign  DNA  was  from  a 
species  that  exchanges  genes  with  E. 
Coli  in  nature.  If  the  foreign  DNA  was 
from  a species  that  does  not  do  so. 
then  P2  + EK1  is  required. 

Similarly,  when  the  Initial  recombin- 
ation Involves  a purified  segment  of 
the  foreign  chromosomal  DNA.  rather 
than  a mixture,  the  potential  for 
growth  of  a hazardous  organism  will 
be  less,  since  the  number  of  clones 
that  must  be  examined  to  obtain  the 
desired  clone  is  markedly  reduced.  If 
certain  criteria  for  purity  are  met.  the 
investigator  may  lower  the  contain- 
ment conditions  from  those  recom- 
mended for  shotgun  experiments  with 
DNA  of  the  same  source  by  one  step 
either  in  physical  containment  or  bio- 
logical containment.  Thus,  for  exam- 
ple. shotgun  experiments  with  DNA 
from  birds  require  P3  + EK2.  A DNA 
fragment  from  birds  that  is  free  from 
harmful  genes,  and  99-percent  purer 
before  being  joined  to  a vector,  would 
require  either  P2  + EK2  or  P3  + EK1. 

The  final  group  of  E.  Coli  experi- 
ments considered  are  those  in  which 
the  foreign  DNA  is  itself  from  an  ex- 
trachromosomal  element.  It  is  as- 
sumed that  such  DNA  is  purified  away 
from  chromosomal  DNA  before  recom- 
bination. For  example.  DNA  from  all 
or  part  of  the  genome  of  an  animal 
virus  requires  P4  physical  containment 
and  an  EK2  host-vector  system,  or  P3 
+ EK3.  if  the  recombinants  have  been 
purified  by  cloning  and  shown  to  be 
free  of  harmful  regions  of  the  viral 
genome,  then  experiments  can  be  at 
P3  + EK2 

When  complementary  DNA's,  syn- 
thesized in  vitro  from  RNA  prepara- 
tions. are  used  in  recombinant  DNA 
experiments,  the  containment  require- 
ments are  as  described  for  isolated 
DNA  preparations. 

Animal  host-vector  systems 

Many  recombinant  DNA  experi- 
ments will  Involve  the  use  of  systems 
In  which  the  host  cells  are  eukaryotes 
grown  as  single  cells  In  tissue  culture. 
Useful  vectors  may  include  extrachro- 
mosomal  DNA  elements,  such  as  the 
DNA  of  organelles  or  viruses.  The  cells 
themselves  are  fragile  and  fastidious, 
and  there  is  little  or  not  chance  that  a 
living  cell  could  escape  from  a labora- 
tory in  the  way  than  an  E.  coli  cell 
might.  Therefore,  containment  consid- 
erations focus  on  the  vectors. 

Animal  viruses  can  escape  the  labo- 
ratory in  a viable  form,  especially  if 
laboratory  workers  become  infected. 
There  are  now  two  animal  viruses 
whose  DNA's  are  useful  as  vectors:  po- 
lyoma and  simian  virus  40  (SV40). 
Both  viruses  are  oncogenic— that  is. 


they  cause  tumors  in  small  newborn 
laboratory  mammals.  Polyoma  virus, 
however,  does  not  infect  human  cells 
grown  in  the  laboratory  or.  judged  by 
the  lack  of  antibody  formation,  infect 
whole  human  beings.  SV40  does  colo- 
nize humans.  Indeed,  the  virus  con- 
taminated the  early  Salk  polio  vaccine, 
and  millions  of  people  were  inadvert- 
ently inoculated  with  in  in  the  1950's. 
To  date,  there  is  no  indication  that 
the  recipients  suffered  any  related  dis- 
ease. But  under  the  Guidelines,  more 
stringent  physical  containment  is  re- 
quired for  SV40  than  for  polyoma. 

The  Guidelines  require  that  the 
viral  DNA  used  for  recombination 
with  a foreign  DNA  must  itself  be  de- 
fective—that  is,  its  propagation  as  a 
virus  must  be  dependent  on  the  pres- 
ence of  helper  virus  that  supplies  the 
genes  for  the  missing  functions.  This 
helper  can  be  nondefective  under  cer- 
tain conditions.  In  some  experiments, 
no  production  of  viral  particles  is  re- 
quired and  no  helper  may  be  needed. 
Biological  containment  is  inherently 
greater  in  the  absence  of  virus  parti- 
cles. since  cells  themselves  are  rela- 
tively easy  to  contain.  In  experiments 
using  a virus  as  vector,  the  particular 
levels  of  physical  containment  depend 
on  the  source  of  the  foreign  DNA.  on 
whether  polyoma  or  SV40  is  the 
chosen  vector,  and  whether  virus  par- 
ticles are  produced. 

Plant  host-vector  systems 

The  Guidelines  also  cover  experi- 
ments in  which  plant  cells  will  serve  as 
hosts  tor  recombinant  DNA.  The  cells 
might  be  single  plant  cells  grown 
under  laboratory  conditions,  or  seed- 
lings. plant  parts,  or  small  whole 
plants.  This  is  the  only  instance  where 
the  Guidelines  address  the  question  of 
recombinant  DNA  experiments  with 
whole  organisms.  Directions  are  given 
for  modification  of  the  specifications 
for  PI.  P2.  and  P3  containment  in 
order  to  provide  conditions  appropri- 
ate for  work  with  plants. 

Vectors  for  use  in  experiments  with 
plants  Include  plant  organelle  DNA 
such  as  that  of  chloroplasts.  and  DNA 
of  viruses  of  low  pathogenicity  and  re- 
stricted host  range.  These  vectors 
offer  moderate  levels  of  biological  con- 
tainment. The  requirements  are  orga- 
nized according  to  the  source  of  the 
foreign  DNA  and  to  whether  it  is  a 
species  in  which  the  vector  DNA  is 
known  to  replicate.  P2  conditions  are 
required  if  the  source  is  not  dangerous 
and  is  one  in  which  replication  of  the 
vector  occurs.  If  the  foreign  DNA  is 
derived  from  a species  in  which  the 
vector  is  not  known  to  replicate,  then 
requirements  range  up  to  P4  depend- 
ing on  whether  the  DNA  is  purified 
and  whether  it  contains  harmful 
genes. 


Other  host-vector  systems 

Theoretically,  there  are  a variety  of 
organisms,  both  prokaryotes  and  lower 
eukaryotes  such  as  fungi  and  yeast, 
which  will  be  useful  hosts  for  experi- 
ments with  recombinant  DNA's.  Some 
may  offer  the  special  advantage  of  not 
infecting  humans,  animals,  or  other 
important  ecological  niches.  The 
growth  characteristics  of  such  hosts 
indicate  that  containment  problems 
will  be  like  those  for  E.  coli  K-12.  The 
Guidelines  urge  development  of  these 
systems  and  point  out  that  the  de- 
tailed recommendations  made  for  E. 
coli  K-12  systems  can  sene  as  a guide 
in  determining  physical  and  biological 
containment  requirements  when  nec- 
essary. 

Alternatives:  RAC-Proposed  Revisions 

A major  concern  for  all  individuals 
who  have  participated  in  establishing 
guidelines  for  recombinant  DNA  re- 
search is  that  any  guidelines  that  are 
drafted  and  adopted  be  reassessed  pe- 
riodically and  changed  when  warrant- 
ed by  new  Information.  In  keeping 
with  this  responsibility,  the  RAC  has 
compiled  additional  information  per- 
taining to  risk  assessment  in  recombin- 
ant DNA-research.  The  information  is 
from  the  following  sources: 

• Consultations  with  scientists 
expert  in  the  areas  of  evolution,  plant 
biology,  bacteriology,  virology,  and 
human  and  animal  infectious  diseases: 

• Reports  from  scientific  meetings 
dealing  with  the  potential  biohazards 
of  recombinant  DNA  research  (for  ex- 
ample. Tenth  Miles  International 
Symposium  on  Recombinant  Mole- 
cules— Impact  on  Science  and  Society. 
Cambridge.  Mass.,  June  1976;  National 
Academy  of  Sciences  Forum  on  Re- 
combinant DNA  Research.  Washing- 
ton, D.C..  March  1977;  Genetic  Engi- 
neering for  Nitrogen  fixation.  Brook- 
haven,  N.Y..  March  1977;  and  the 
Workshop  on  Studies  for  Assessment 
of  Potential  Risks  Associated  with  Re- 
combinant DNA  Experimentation,  Fal- 
mouth. Mass..  June  1977); 

• Results  from  experiments  specifi- 
cally designed  to  test  (1)  the  survivabi- 
lity and  colonizing  ability  of  E.  coli  K- 
12  and  EK2  host-vector  systems.  (2) 
the  transmissibility  of  plasmids  and 
phage  vectors,  (3)  the  potential  of  E. 
coli  K-12  for  pathogenicity,  and  (4) 
the  potential  for  genetic  exchange  be- 
tween diverse  bacteria  and  between 
prokaryotic  and  eukaryotic  organisms. 

Each  category  of  experiments  in 
Part  III  of  the  1976  Guidelines  was 
then  extensively  examined,  and  the 
following  criteria  were  applied  to  the 
new  information: 

• The  degree  to  which  the  DNA  seg- 
ment has  been  purified  away  from 
other  genes  and  shown  to  be  free  of 
harmful  characteristics. 
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• The  potential  biohazard  associat- 
ed with  the  DNA  of  the  cell  or  micro- 
organism that  serves  as  the  DNA 
source  (e.g..  genes  for  toxin  produc- 
tion), 

• The  potential  biohazard  associat- 
ed with  the  vector  that  serves  to  trans- 
mit the  source  DNA  to  a recipient  host 
cell, 

• The  ability  of  the  vector  to  sur- 
vive in  natural  environments  or  habi- 
tats, 

• The  kinds  and  number  of  organ- 
isms that  are  susceptible  to  infection 
by  the  vector  or  recipient, 

• The  potential  biohazard  of  the  re- 
cipient host  cell  that  serves  to  repli- 
cate the  recombinant  DNA  molecules, 

• The  ability  of  the  host  ceil  to  sur- 
vive in  natural  environments  or  habi- 
tats, 

• The  ability  of  the  host  cell  to 
transmit  the  recombinant  DNA  mole- 
cule to  other  cells  capable  of  surviving 
in  natural  environments  or  habitats, 

• The  potential  of  the  host  cell  to 
obtain  the  source  DNA  by  natural 
means,  and 

• The  evolutionary  relatedness  of 
the  DNA  source  to  humans.  The  po- 
tential dangers  are  considered  to  in- 
crease as  the  organism  providing  the 
source  DNA  approaches  humans  phy- 
logenetically.  For  example,  source 
DNA  from  primate  cells  is  considered 
to  be  more  potentially  dangerous  than 
that  from  prokaryotes. 

In  an  effort  to  present  more  clearly 
the  changes  in  containment  levels  pro- 
posed by  the  PRG-RAC,  a table  was 
prepared  for  use  at  the  December  1977 
DAC  meeting'  which  compared  the 
containment  levels  in  the  original 
(current)  Guidelines  and  the  PRG- 
RAC.  This  table  has  now  been  expand- 
ed with  a third  column  to  show  the 
containment  levels  of  the  PRG-NIH 
(Appendix  A).  The  remainder  of  this 
section  summarizes  a number  of  the 
proposed  changes,  comparing  the  cur- 
rent Guidelines  with  the  PRG-RAC. 
(Not  all  the  changes  are  discussed 
here;  certain  items  in  which  the  FRG- 
NIH  differs  significantly  from  the 
PRG-RAC  are  discussed  below  under 
"Alternatives:  Public  Commentators.” 
The  numbers  in  parentheses  indicate 
the  line  numbers  on  the  table  to 
which  the  proposed  revision  applies. 

• Several  categories  of  experiments 
(primarily  those  involving  prokaryotes 
that  are  exchangers  of  genetic  infor- 
mation with  E.  coli  in  nature)  would 
no  longer  be  subject  to  the  Guidelines 
because  of  the  changes  in  the  defini- 
tion. (See  lines  20,  21.  27,  46,  and  47.) 

• Shotgun  experiments  involving 
birds  and  mammals  other  than  pri- 
mates were  the  subject  of  lowering  of 
containment  from  P3+EK2  to 
P2+EK2.  This  action  reflects  the  in- 
creased confidence  of  the  RAC  in  the 
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EK2  host-vector  systems.  (See  lines  4 
and  5.) 

• Another  category  which  the  RAC 
decided  was  in  need  of  revision  was 
that  pertaining  to  the  cloning  of  DNA 
from  organisms  producing  a toxic 
product.  This  was  clarified  in  the 
PRG-RAC  by  setting  containment 
levels  according  to  whether  polypep- 
tide toxins  are  produced.  Polypeptide 
toxins  are  specified,  since  they  might 
be  encoded  by  a single  gene  or  cluster 
of  genes,  whereas  toxins  of  other 
chemical  structure  would  not.  (See 
lines  8,  9,  10,  11,  12,  16.  17,  and  19.) 

•For  several  categories  of  experi- 
ments, it  is  proposed  that  the  investi- 
gator have  the  option  of  working  at 
P2  + EK1  or  P1+EK2  rather  than  the 
P2  + EK1  levels  previously  specified. 
This  again  reflects  confidence  in  the 
EK2  systems.  (See  lines  7,  14,  and  15.) 

•The  lowering  of  containment  for 
experiments  with  rigorously  charac- 
terized clones  free  of  harmful  genes 
has  been  revised  to  provide  more  flexi- 
bility. Under  the  PRG-RAC,  Institu- 
tional Biosafety  Committees  (IBC’s) 
would  be  able  to  lower  containment  by 
a single  level.  The  IBC  should  consider 
the  purity,  extent  of  characterization, 
and  harmlessness  of  the  clone  before 
allowing  such  lowering.  Reduction  of 
containment  by  more  than  one  level 
would  require  approval  by  NIH.  Under 
the  1976  Guidelines,  NIH  had  the 
option  of  lowering  containment  down 
to  certain  specified  levels  or  not  lower- 
ing it  at  all.  The  PRG-RAC  would 
allow  NIH  to  consider  all  available 
data  for  the  clone  and  to  lower  con- 
tainment accordingly. 

Alternatives:  Public  Commentators 

During  the  development  of  the  origi- 
nal Guidelines  in  early  1976,  Part  III 
wTas  the  section  most  commented 
upon.  There  was  also  much  comment 
on  this  section  in  the  PRG-RAC. 
Many  of  the  issues  raised,  however, 
did  not  address  the  specific  proposals 
to  alter  the  containment  levels  but 
more  general  topics,  such  as  the  need 
for  a rationale  for  each  of  the 
changes. 

Rationale 

A number  of  commentators  asked 
that  the  rationale  for  the  classifica- 
tion of  permissible  experiments  be  elu- 
cidated. Concern  was  expressed  that: 

• It  was  difficult  for  a layman  to  un- 
derstand the  entire  section  on  permis- 
sible experiments  because  the  ratio- 
nale is  not  detailed  in  either  the  cur- 
rent Guidelines  or  the  PRG-RAC; 

• The  whole  categorization  is  de- 
pendent upon  investigatorial  confi- 
dence rather  than  documented  fact; 
and 

• The  quantification  of  containment 
levels,  the  means  whereby  they  were 
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decided,  and  the  rationale  for  raising 
and  lowering  them  is  not  clear. 

In  general,  the  classification  is  some- 
what arbitrary.  It  depends  in  large 
part  on  the  scientific  judgment  of  the 
RAC  rather  than  on  demonstrable 
risk,  because  there  is  in  fact  no  actual 
scientific  evidence  that  there  is  a 
hazard  in  any  recombinant  DNA  ex- 
periment. The  rationale  for  classifying 
recombinant  DNA  experiments  at  sev- 
eral containment  levels  was  explained 
in  the  "Decision  of  the  Director.  Na- 
tional Institutes  of  Health,  To  Release 
Guidelines  for  Research  on  Re-  com- 
binant  DNA  Molecules,”  which  was 
published  along  with  the  current 
Guidelines  in  the  Federal  Register  on 
July  7,  1976  (page  27908),  as  follows: 

The  guidelines  assign  different  levels  of 
containment  for  experiments  in  which  DNA 
from  different  sources  is  to  be  introduced 
Into  an  E.  coli  K-12  host-vector  system.  The 
variation  is  based  on  both  facts  and  assump- 
tions. There  are  some  prokaryotes  (bacteria) 
that  constantly  exchange  DNA  with  E.  coli. 
Here  it  is  assumed  that  experimental  condi- 
tions beyond  those  obtained  in  careful,  rou- 
tined microbiology  laboratories  are  super- 
fluous. because  any  exchange  experiments 
have  undoubtedly  been  performed  already 
in  nature. 

In  every  instance  of  artificial  re-  combina- 
tion, consideration  must  be  given  to  the  pos- 
sibility that  foreign  DNA  may  be  translated 
into  protein  (expressed),  and  also  to  the  pos- 
sibility that  normally  repressed  genes  of  the 
host  may  be  expressed  and  thus  change,  un- 
desirably. the  characteristics  of  the  cell.  It 
is  assumed  that  the  more  similar  the  DNAs 
of  donor  and  host,  the  greater  the  probabil- 
ity of  expression  of  foreign  DNA,  or  of  pos- 
sible derepression  of  host  genes.  In  those 
cases  where  the  donor  exchanges  DNA  with 
E.  coli  in  nature,  it  is  unlikely  that  recom- 
bination experiments  will  create  new  genet- 
ic combinations.  When  prokaryote  donors 
not  known  to  exchange  DNA  with  E.  coli  in 
nature  are  used,  however,  there  is  a greater 
potential  for  new  genetic  combinations  to  be 
formed  and  be  expressed.  Therefore  it  is  re- 
quired that  experiments  involving  prokaryo- 
tic DNA  from  a donor  that  is  not  known  to 
exchange  DNA  with  E.  coli  in  nature  be  car- 
ried out  at  a higher  level  of  containment. 
Recombination  using  prokaryotic  DNA  from 
an  organism  known  to  be  highly  pathogenic 
is  prohibited. 

There  are  only  limited  data  available  con- 
cerning the  expression  of  DNA  from  higher 
forms  of  life  (eukaryotes)  in  E.  coli  (or  any 
other  prokaryote).  Therefore,  the  contain- 
ment prescriptions  for  experiments  insert- 
ing eukaryotic  DNA  into  prokaryotes  are 
based  on  risks  having  quite  uncertain  prob- 
abilities. 

On  the  assumption  that  a prokaryotic 
host  might  translate  eukaryotic  DNA,  it  is 
further  presumed  that  the  product  of  that 
foreign  gene  would  be  most  harmful  to  man 
if  it  were  an  enzyme,  hormone,  or  other  pro- 
tein that  was  similar  (homologous)  to  pro- 
teins already  produced  by  or  active  in  man. 
An  example  is  a bacterium  that  could  pro- 
duce insulin.  Such  a "rogue'’  bacterium 
could  be  of  benefit  if  contained,  a nuisance 
or  possibly  dangerbus  if  capable  of  surviving 
in  nature.  This  is  one  reason  that  the 
higher  the  phylogenetic  order  of  the  eukar- 
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yote,  the  higher  the  recommended  contain- 
ment. at  least  until  the  efficiency  of  expres- 
sion of  DNA  from  higher  eukaryotes  in  pro- 
karyotes can  be  determined. 

The  structure  of  the  classification 
for  permissible  experiments  is  based, 
therefore,  on  the  scientific  assump- 
tions governing  potential  risk.  It 
should  be  emphasized  that  although  a 
wide  variety  of  recombinant  DNA  ex- 
periments have  now  been  performed 
for  over  5 years,  in  hundreds  of  labora- 
tories throughout  the  world,  no  case 
of  hazard  has  been  demonstrated. 

Part  III  of  the  Guidelines  assigns  to 
each  specified  class  of  experiments  a 
level  of  physical  containment  and  a 
level  of  biological  containment  at 
which  the  experiments  shall  be  per- 
formed. As  noted  before,  there  is  a 4-5 
log  protection  in  going  from  PI  to  P3 
or  from  P3  to  P4.  For  biological  con- 
tainment. there  is  the  criterion  for  the 
HV2  system  that  the  chances  of  the 
recombinant  DNA  escaping,  either  via 
survival  of  the  organisms  or  via  trans- 
mission of  recombinant  DNA  to  other 
organisms,  should  be  less  than  10~'  (1 
in  100.000.000)  under  specified  condi- 
tions. 

Commentators  said  that  the  revi- 
sions did  not  bring  the  Guidelines  any 
closer  to  establishing  absolute  levels  of 
hazard.  It  was  brought  out.  however, 
that  In  the  use  of  E.  coli  K-12.  a level 
of  no  risk  is  neared.  Data  presented  at 
the  Falmouth  Conference  indicate 
that  it  is  essentially  impossible  for  E. 
coli  K-12  to  be  transformed  into  a 
wild-type  pathogen.  An  E.  coli  K-12 
containing  toxic  genes  through  recom- 
bination could  present  a risk,  tor  ex- 
ample,  to  the  laboratory  worker  who 
ingested  It.  But  it  would  only  be  a risk 
to  that  person. 

Harmful  genes  will  have  a very  low 
probability  of  being  transfered  from  E. 
coli  to  another  organism.  For  exam- 
ple. the  plasmids  at  the  HV2  level  are 
engineered  so  that  they  neither  self- 
transfer.  nor  transfer  when  another 
plasmid  induces  conjugation.  Current 
work  is  designed  to  determine  the 
probability  of  E.  coli  K-12  as  a host 
taking  up  plasmids  from  the  environ- 
ment that  can  then  receive  the  recom- 
binant DNA  molecules  from  the  engi- 
neered plasmid.  Recent  data  indicate 
that  the  probability  is  extremely  low. 
Thus,  it  is  clear  that  this  host-vector 
system  offers  a high  degree  of  safety 
and  at  present  is  preferable  to  any 
other. 

Comments  on  use  of  E.  coli  K-12 

A number  of  comments  were  made 
concerning  the  use  of  E.  coli  host- 
vector  systems.  One  commentator 
stressed  that  because  E.  coli  K-12  is 
currently  a "poor"  pathogen  does  not 
mean  that  one  or  two  genes  might  not 
convert  It  to  a "good"  pathogen.  The 
enfeebled  nature  of  E.  coli  K-12  "is 
presumably  the  consequence  of 


mutation(s)  introduced  during  its  labo- 
ratory passage."  but  different  strains 
of  K-12  with  different  histories  may 
not  all  be  similarly  enfeebled. 

Further,  it  was  claimed  that  the  fail- 
ure to  convert  K-12  to  a pathogen  by 
the  use  of  certain  plasmids  or  Salmo- 
nella genes  is  not  definitive.  To  be  de- 
finitive, we  must  have  the  detailed 
nature  of  the  mutations  in  K-12  that 
"prevent  the  expression  of  pathogeni- 
city." Also,  it  was  noted  that  there  is 
no  way  to  assess  the  absolute  risk  asso- 
ciated with  these  experiments,  and 
that  it  is  important  to  assess  the  po- 
tential harm  not  only  to  man  but  to 
plants,  animals,  and  the  environment. 

Another  commentator  urged  that 
this  section  of  the  Guidelines  be  sup- 
plemented with  evidence  from  the  Fal- 
mouth conference  to  show  that  the 
potential  risk  is  minimal.  A commenta- 
tor cited  the  potential  risk  on  the  basis 
that  "virtually  any  highly  conserved 
physiologically  active  eukaryotic 

protein  * * * or  fragment  thereof 
could  be  highly  toxic  when  introduced 
out  of  context  by  a bacterium  which 
received  the  appropriate  gene  in  a re- 
combination experiment."  This  criti- 
cism of  E.  coli  K-12  does  not  detract 
from  the  scientific  knowledge  over  the 
past  two  years  of  the  great  safety  of 
this  system.  The  evidence  is  presented 
in  detail  in  the  following  section.  "En- 
vironmental Impact  of  the  Proposed 
Action.” 

Different  strains  of  K-12  with  differ- 
ent histories  may  not  all  be  similarly 
enfeebled,  and  failure  so  far  to  convert 
K-12  to  a pathogen  does  not  prove  It 
can  never  happen.  However,  the  safety 
of  E.  coli  K-12  has  been  clearly  shown, 
and  there  is  no  need  to  limit  or  specify 
particular  strains  for  EK1.  After  30 
years  of  work  with  many  different 
strains,  there  is  still  no  known  patho- 
genic E.  coli  K-12  strain.  Thus,  there 
is  presumptive  evidence  that  all  K-12 
strains  are  safe.  They  are  well  suited 
for  laboratory  experiments  because 
they  take  up  DNA  easily,  but  their  cell 
wall  makes  them  unsuited  to  compete 
in  nature  with  wild-type  E.  colt 

Still,  it  is  impossible  to  refute  the 
criticism  that  absolute  conclusions  as 
to  risk  have  not  been  reached.  There  is 
always  one  more  experiment  to  be  per- 
formed that  would  help  in  analyzing 
the  safety  aspects  of  any  potentially 
hazardous  research  activity.  Two  years 
ago  the  Director.  NIH.  in  releasing  the 
Guidelines,  stated  that  NIH  would 
proceed  with  recombinant  DNA  work 
in  a deliberately  cautious  manner 
while  simultaneously  evaluating  all 
the  evidence  pertaining  to  the  poten- 
tial risks.  That  statement  is  reaf- 
firmed. 

General  classification 

There  was  disagreement  expressed 
over  whether  the  PRG-RAC  were  too 


stringent  or  too  lax.  Those  arguing  the 
former  position  maintain  that  the 
RAC  did  not  relax  the  Guidelines 
enough,  because  all  the  experimental 
evidence  gathered  and  analyzed  in  the 
past  2 years  Indicates  that  the  initial 
fears  concerning  the  potential  hazards 
were  severely  exaggerated.  It  was  also 
pointed  out  that  recombinant  DNA  ex- 
periments not  allowed  under  the  cur- 
rent NIH  Guidelines  are  proceeding 
with  the  approval  of  responsible  na- 
tional committees  in  a number  of  Eu- 
ropean countries. 

Those  concerned  that  the  PRG- 
RAC  were  too  lax  point  to  the  inade- 
quacy of  experimental  data  for  a 
sound  evaluation  of  the  potential 
risks.  And  they  argue  that  a recombin- 
ant DNA  experiment  permitted  under 
less  stringent  safety  conditions  in 
Europe  is  irrelevant  to  the  establish- 
ment of  standards  in  the  United 
States. 

One  of  the  comments  at  the  Decem- 
ber 1977  DAC  meeting  was  that  "the 
NIH  Guidelines  do  not  adequately 
deal  with  the  use  of  recombinant  DNA 
in  plants  * * Other  commentators 
expressed  similar  sentiments,  includ- 
ing the  suggestion  that  "a  subcommit- 
tee be  formed  to  deal  with  plants  and 
plant  pathogens  and  make  specific  rec- 
ommendations for  revision  of  the 
Guidelines."  In  response  to  this,  a 
Workshop  on  Risk  Assessment  of  Agri- 
cultural Pathogens,  composed  of  dis- 
tinguished American  plant  patholo- 
gists. was  held  on  March  20-21,  1978 
(as  announced  on  March  6 in  the  Fed- 
eral Register).  Sponsored  by  the  U.S. 
Department  of  Agriculture,  the  Na- 
tional Science  Foundation,  and  the 
National  Institutes  of  Health,  the 
report  of  the  Workshop  is  Appendix  G 
to  this  document.  The  report  was  pre- 
sented to  the  RAC  at  its  meeting  of 
April  27-28.  1978,  and  was  unanimous- 
ly endorsed  with  certain  minor  amend- 
ments. These  recommendations,  with 
certain  additional  minor  amendments, 
have  been  incorporated  into  the  PRG- 
NIH. 

Two  new  paragraphs  have  been  in- 
serted at  the  beginning  of  Part  III  of 
the  PRG-NTH.  The  first  reminds  the 
reader  to  consult  Part  I,  "where  a list- 
ing is  given  of  prohibited  experiments 
and  experiments  exempt  from  these 
Guidelines."  The  second  is  a "general 
flexibility  clause.” 

Insertion  of  the  latter  passage  was 
recommended  by  the  RAC  at  its  April 
27-28  meeting.  It  recognizes  that  the 
classification  of  experiments  given  in 
Part  III  will  necessarily  be  imperfect 
as  investigators  int  the  future  devise 
ways  to  conduct  recombinant  DNA  re- 
search wldch  are  not  currently  fore- 
seen and  therefore  not  explicitly  con- 
sidered in  the  Guidelines.  Also,  new 
data  may  become  available  showing 
that  certain  experiments  are  clearly 


FEDERAL  REGISTER,  VOL  43,  NO.  146 — FRIDAY,  JULY  2*.  1978 


[79] 


NOTICES 


33119 


more  (or  less)  safe  than  seen  at  this 
time  and  that  the  currently  assigned 
containment  level  should  be  changed. 
Therefore  the  inserted  passage  states 
that  “changes  in  these  levels  for  spe- 
cific experiments  (or  the  assignment 
of  levels  to  experiments  not  explicitly 
considered  in  this  section)  may  be  ex- 
pressly approved  by  the  Director,  NITI, 
on  the  recommendation  of  the  Recom- 
binant DNA  Advisory  Committee.” 

Permissible  experiments  using  E.  Coli 
K-l  2 host-vector  systems 

Eukaryotic  DNA  Sources.  There  was 
disagreement  over  those  provisions  in 
the  Guidelines  that  allow  the  princi- 
pal investigator  to  choose  between  two 
combinations  of  containment  proce- 
dures. In  several  instances,  for  exam- 
ple, one  is  permitted  to  use  P2  + EK1 
or  P1  + EK2. 

This  flexibility  provision  was  en- 
dorsed by  some  commentators  but 
questioned  by  others.  It  was  discussed 
above  in  Part  II.  This  concept  of  inves- 
tigator flexibility  is  not  a new  one;  it 
was  allowed  under  the  original  Guide- 
lines. Based  upon  events  of  the  past 
two  years,  the  RAC  merely  proposed 
that  the  principle  be  extended  to  cer- 
tain specified  additional  cases  where 
they  believe  it  appropriate.  Included 
in  the  PRG-NIH  are  all  such  specific 
cases  of  flexibility  recommended  in 
the  PRG-RAC. 

On  the  other  hand,  in  certain  other 
specific  cases  (e.g.,  DNA  from  birds), 
the  PRG-RAC  recommended  that  the 
containment  level  be  P2+EK2,  with- 
out the  option  of  P3+EK1.  Certain 
commentators  urged  that  in  all  cases 
where  the  containment  level  of 
P2+EK2  is  given,  the  option  of 
P3  + EK1  be  allowed.  However,  the 
RAC  felt  that  in  view  of  their  in- 
creased confidence  in  the  biological 
containment  offered  by  the  EK2 
system,  P2  + EK2  offers  more  contain- 
ment than  P3+EK1,  and  that 
P2+EK2  without  the  option  of 
P3+EK1  should  be  the  containment 
level  for  certain  specified  classes  of  ex- 
periments. Therefore,  there  is  speci- 
fied in  the  PRG-NIH  the  containment 
levels  of  P2+EK2  without  the  option 
of  P3+EK1  in  every  case  where  it  ap- 
peared in  the  PRG-RAC. 

Discussed  below  and  in  the  accompa- 
nying “Decision”  document  is  the  reas- 
sessment which  was  made  of  the  clon- 
ing of  viral  DNA  into  E.  coli  K-12  at 
the  Ascot  Workshop  and  the  April  6-7, 
1978,  Working  Group  meeting  that  en- 
dorsed the  Ascot  report.  The  RAC  at 
its  April  27-28  meeting  unanimously 
endorsed  the  Working  Group  report 
recommending  lower  containment 
levels  for  deliberate  cloning  of  viral 
DNA  into  E.  coli  K-12.  One  of  the  rea- 
sons given  originally  for  the  higher 
containment  level  for  shotgun  experi- 
ments involving  primate  DNA  into  E. 


coli  K-12  was  the  possible  inadvertant 
cloning  of  viral  DNA.  In  view  of  their 
recommendation  of  lower  containment 
for  deliberate  cloning  of  viral  DNA 
into  E.  coli  K-12,  the  RAC  on  April 
27-28,  1978,  reconsidered  primate  shot- 
gun levels  and  voted  unanimously  for 
new  language  as  follows;  "Primates. 
P2  physical  containment  + an  EK2 
host-vector.  Any  lowering  of  contain- 
ment below  these  levels  (i.e.,  for  puri- 
fied DNA  or  characterized  clones) 
cannot  be  made  solely  by  an  institu- 
tional biosafety  committee  but  re- 
quires NIH  approval.”  This  new  lan- 
guage is  inserted  in  the  PRG-NIH,  as 
well  as  a similar  lowering  of  contain- 
ment for  shotgun  cloning  of  cold- 
blooded vertebrate  DNA  into  E.  coli 
K-12. 

Prokaryotic  DNA  Sources.  In  the 
1976  guidelines  the  section  dealing 
with  shotgun  experiments  in  which 
prokaryotic  DNA  is  inserted  into  E. 
coli  K-12  was  subdivided  into  two 
parts— “Prokaryotes  That  Exchange 
Genetic  Information  with  E.  coli”  and 
“Prokaryotes  That  Do  Not  Exchange 
Genetic  Information  with  E.  coli.  ” In 
the  PRG-RAC  it  was  assumed  that  all 
prokaryotes  that  exchange  genetic  in- 
formation with  E.  coli  would  be 
exempt  from  the  guidelines  by  appear- 
ing on  the  “list  of  non-novel  exchang- 
ers.” Therefore,  the  PRG-RAC  the 
section  dealing  with  these  experiments 
actually  considered  only  prokaryotes 
that  did  not  exchange  genetic  infor- 
mation with  E.  coli.  The  problem  with 
this  approach  was  discussed  by  com- 
mentators, focusing  especially  on  the 
case  of  Agrobacterium  tumefaciens.  It 
meant  that  a prokaryote  which  ex- 
changes genetic  information  with  E. 
coli,  and  was  therefore  properly  as- 
signed a low  containment  level  under 
the  1976  guidelines,  would  under  the 
PRG-RAC  either  appear  on  the  list 
and  be  exempt  from  the  guidelines  or, 
if  not  appearing  on  the  list  for  some 
reason,  would  require  in  some  cases  a 
higher  containment.  This  was  not  the 
intent  of  the  RAC.  Therefore,  the 
RAC  agreed  at  their  April  27-28  meet- 
ing that  language  should  be  reinserted 
into  the  PRG-NIH  covering  prokar- 
yotes that  exchange  genetic  informa- 
tion with  E.  coli  but  do  not  appear  on 
the  list,  and  this  has  now  been  done. 

For  prokaryotes  that  do  not  ex- 
change genetic  information  with  E. 
coli  the  PRG-RAC  proposed  that 
P1  + EK2  or  P2+EK1  conditions  apply 
only  in  cases  of  extensive  characteriza- 
tion and  RAC  approval.  A number  of 
commentators  objected.  Some  felt 
that  experiments  involving  non- 
pathogenic  prokaryotes  should  be  con- 
ducted at  these  lower  levels  without 
extensive  characterization  or  RAC  ap- 
proval, and  others  argued  that  plant 
pathogens  should  not  be  included  with 
CDC  class  2 agents  as  requiring 


P3+EK2  containment.  The  RAC  at 
their  April  meeting  agreed  with  the 
commentators.  Accordingly,  this  sec- 
tion of  the  PRG-NIH  has  been  rewrit- 
ten. 

The  EMBO  Standing  Advisory  Com- 
mittee on  Recombinant  DNA  Re- 
search recommends  that  the  contain- 
ment level  for  all  experiments  involv- 
ing the  insertion  of  novel  nonpatho- 
genic  prokaryotic  DNA  into  E.  coli  K- 
12  be  P1  + EK1.  Acting  conservatively, 
the  Director  has  retained  in  the  PRG- 
NIH  the  levels  of  P2  + EK1  or  EK2  for 
nonpathogenic  prokaryotes  that  do 
not  exchange  genetic  information  with 
E.  coli. 

The  PRG-RAC  received  substantial 
criticisms  for  identifying  all  agents 
classified  as  class  2 in  the  CDC’s  publi- 
cation “Classification  of  Etiologic 
Agents  on  the  Basis  of  Hazard” 
(fourth  edition,  July  1974)  as  being 
pathogenic  for  the  purpose  of  assign- 
ing containment  levels.  Several  com- 
mentators stated  that  many  of  the  or- 
ganisms so  classified  were  harmless 
and  that  others  were  of  such  low  path- 
ogenicity that  severe  safety  precau- 
tions were  unwarranted.  It  was  also 
pointed  out  that  the  pathogenicity  of 
an  intact  microorganism  and  the  con- 
jectural hazard  of  a piece  of  DNA 
from  such  an  organism  with  E.  coli  K- 
12  were  quite  different  matters.  The 
suggestion  of  these  commentators  has 
been  accepted,  and  thus  footnote  1 has 
been  added  to  the  PRG-NIH.  This 
gives  NIH  the  authority,  upon  the  rec- 
ommendation of  the  RAC,  to  consider 
certain  class  2 agents  as  class  1 for  the 
purpose  of  these  guidelines. 

Plasmid,  Phage,  and  Virus  DNA 
Sources.  Many  of  the  commentators 
agreed  that  both  the  original  guide- 
lines and  the  PRG-RAC  were  overly 
stringent  with  regard  to  virus  experi- 
ments. In  commenting  on  the  PRG- 
RAC,  the  EMBO  Standing  Advisory 
Committee  on  Recombinant  DNA  Re- 
search wrote,  “The  EMBO  Committee 
believes  that  the  containment  categor- 
ization of  experiments  with  animal 
virus  DNA’s  which  is  proposed  by  the 
NIH  Advisory  Committee  is  too  indis- 
criminate and  excessively  stringent 
considering  the  proposed  classification 
of  experiments  with  other  classes  of 
DNA  and  the  longstanding,  accepted 
safety  precautions  for  handling  intact 
virus  particles  and  viral  nucleic  acids 
* * *.”  The  EMBO  Committee  pro- 
posed (1)  that  experiments  with  viral 
DNA  be  considered  on  a case-by-case 
basis  or  (2)  that  a detailed  set  of  rec- 
ommended categories  for  such  experi- 
ments be  produced. 

A joint  United  States-EMBO  Work- 
ship  To  Assess  Risks  for  Recombinant 
DNA  Experiments  Involving  the  Gen- 
omes of  Animal,  Plant,  and  Insert  Vir- 
uses was  held  in  Ascot,  England,  or. 
January  26-28,  1978.  The  workship 
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vu  attended  by  27  distinguished  virol- 
ogists and  other  scientists  from  the 
United  States,  the  United  Kingdom. 
West  Germany.  Finland,  Prance. 
Sweden,  and  Switzerland.  A report  was 
published  In  the  Federal  Register  on 
March  31,  1978  (43  FR  13748)  and  con- 
stitutes appendix  E to  the  present  doc- 
ument. The  "Ascot  Workshop"  con- 
cluded: 

The  probability  that  K13  organism*  carry- 
las  viral  DNA  Inserts  could  represent  a sig- 
nificant hazard  to  the  community  la  so 
small  as  to  be  of  no  practical  consequence 
• • • . Viral  genomes  or  fragments  thereof, 
cloned  In  K.  raft  K13  using  approved  plas- 
mid or  phage  vectors  pose  no  more  risk  than 
work  with  the  Infectloua  virus  or  Its  nucleic 
add  and  In  most,  if  not  all  cases,  clearly 
present  lees  risk.  In  fact,  the  workshop  par- 
ticipants agreed  that  cloning  of  viral  DNA 
In  E.  coil  K12  may  provide  a unique  oppor- 
tunity to  study  with  greatly  reduced  risks 
the  biology  of  extremely  pathogenic  and  vir- 
ulent druses. 

On  April  8-7,  1978  (ag  announced  In 
the  Mar.  17  Federal  Register),  an 
RAC-sponsored  working  group  com- 
posed of  distinguished  American  mi- 
crobiologists met  to  review  the  report 
of  the  Ascot  Workshop.  The  report  of 
this  working  group  Is  appendix  F.  The 
group  unanimously  endorsed  the 
Ascot  report  with  certain  minor 
amendments.  Their  report  was  pre- 
sented to  the  RAC.  was  unanimously 
accepted,  and  has  been  substantially 
adopted  In  part  111  of  the  PKONTH. 

Characterized,  and  Pm  rifled  Clones. 
Concern  was  expressed  by  several  com- 
mentators about  the  revisions  In  the 
PRO-RAC  which  would  allow  the 
local  IBC  (with  notification  to  be  sent 
to  NIH)  to  reduce  either  the  biological 
or  physical  containment  level  by  one 
step  If  (1)  the  DNA  ts  99-percent  puri- 
fied and  shown  to  be  free  of  harmful 
genes  before  Its  Insertion  Into  a recom- 
binant molecules  or  12)  the  clone  repli- 
cating the  DNA  la  rigorously  charac- 
terized and  free  of  harmful  genes.  In 
the  original  guidelines,  the  redaction 
In  case  (2)  could  only  be  done  with 
prior  NIH  approval. 

There  was  support  from  several  com- 
mentators for  the  changes  In  this  sub- 
section. The  rationale  Is  explained  In 
the  PRO-RAC  and  the  PRO-NIH: 

Many  of  the  risks  which  might  ranee lv- 
ably  arise  from  some  typ—  of  recemtotaant 
DBA  experiments,  particularly  shotgun  ex- 
periments, would  result  frost  the  toadver- 
tant  cloning  of  a harmful  sequence.  There- 
for*. In  caaea  where  the  risk  of  Inadvertent- 
ly Cloning  the  "wrong"  DNA  Is  reduced  by 
prior  enrichment  for  the  desired  piece,  or  In 
which  a done,  made  from  a random  assort- 
ment of  DNA’a  has  been  purified  and  the 
ahaence  of  harmful  sequence*  eetabhehed. 
the  cents  lament-  conditions  for  farther 
work  may  be  reduced. 

Some  commentator*  noted  the  ambi- 
guity and  difficulty  attendant  ta  the 
Phraoe  free  of  harmful  genes.'*  The 


aforemei.:foned  EMBO  Co  mm  ft  tec  re- 
ports that  "several  national  guidelines 
for  recombinant  DNA  research  state 
that  containment  measures  may  be  re- 
laxed once  a cloned  DNA  fragment 
has  been  biochemically  characterized 
and  shown  to  be  free  of  harmful  genes 
(NIH  guidelines)  or  devoid  of  any 
known  pathogenic  characteristic 
(French  guidelines).  The  EMBO  Com- 
mittee believes  the  latter  to  be  a more 
feasible  requirement,  but  neither  can 
readily  be  met.  and  the  committee 
finds  It  difficult  to  suggest  what  sorts 
of  experimental  tests  might  be  devised 
to  meet  these  requirements." 

The  terms  "characterized  and  “free 
of  harmful  genes"  are  unavoidably 
vague.  However,  footnote  3 of  the 
PRO-NIH  goes  on  to  list  five  types  of 
data  which  should  be  considered  In 
making  this  determination. 

Some  commentators  were  also  con- 
cerned that  this  granting  of  additional 
authority  to  the  local  IBCs  for  single- 
step  lowering  In  containment  levels 
might  Introduce  variability  In  the  ap- 
plication of  the  guidelines.  NIH. 
having  considered  that  possibility,  has 
decided  that  the  principle  of  promot- 
ing local  involvement  In  the  tmplemen-. 
tatlon  of  the  guidelines  outweighs  the 
difficulties  that  may  be  encountered 
In  this  process.  In  an  effort  to  mini 
mfcse  theae  problems,  NIH  has  (I)  at- 
tempted to  make  all  parts  of  the 
guidelines  as  clear,  specific,  and  unam- 
biguous as  possible  and  (2)  expanded 
the  “roles  and  responsibilities"  section 
to  outline  functions  and  responsibil- 
ities in  greater  detail. 

Also,  the  guidelines  require  that  the 
Office  of  Recombinant  DNA  Activities 
at  the  NTH  be  notified  In  writing  of 
such  an  action.  A mechanism  Is  there- 
fore in  place  to  Insure  that  such  ac- 
tions proceed  with  an  acceptable 
degree  of  uniform!  ty. 

The  question  was  raised  whether  a 
clone  of  which  the  containment  level 
was  lowered  by  the  IBC  at  Institution 
X may.  after  shipment  to  fnatftwtton 
T.  be  used  at  the  lower  level  without 
review  by  T*a  IBC.  It  has  clearly  been 
the  hrtentlon  of  both  the  RAC  and 
NIH  that  the  IBC  at  the  receiving  tn- 
stltutfon  must  approve  the  reduction 
in  containment  for  the  handling  of  the 
clone  hr  such  a situation.  The  Inycstl- 
gatorat  the  receiving  Institution,  how- 
ever, must  handle  the  done  at  the 
higher  level  until  such  permission  is 
granted. 

One  commentator  urged  that  prior 
ckmtnr  be  accepted  as  a technique  far 
the  purification  of  DNA  molecules 
before  their  reinsertion  Into  a recotii- 
btnent  molecule.  The  PRO-RAC  speci- 
fied that  purification  must  be 
achieved  “by  physical  or  chemical 
teehnlqnea“  The  criterion  fbr  the 
single-step  reduction  hr  containment 
leveW  In  this  situation  Is  that  the  DNA 


preparation  be  99-percent  pure.  There 
Is  no  reason,  the  commentator  held,  to 
restrict  the  means  by  which  such  puri- 
fication Is  attained.  This  suggestion 
has  been  accepted.  The  words  "by 
physical  and  chemical  techniques"  fol- 
lowing the  work  "purified"  have  been 
stricken  from  the  FRG-NIH,  better 
serving  the  needs  of  the  investigator 
without  reducing  the  margin  of  safety 
to  the  public  and  the  environment. 

One  commentator  noted  that  the 
PRO-RAC  might  be  Interpreted  aa  al- 
lowing a single-step  reduction  in  con- 
tainment levels  tor  purification  of  the 
DNA  before  Its  Insertion  Into  a recom- 
binant molecule,  and  a further  stngle- 
step  reduction  In  containment  once 
the  same  molecule  has  been  cloned. 
This  was  not  Intended.  Therefore, 
clarifying  language  has  been  added  In 
the  PRO-NIH  stating  that  an  IBC 
"may  give  approval  for  a single-step 
reduction  bi  physical  or  biological  con- 
tainment on  receipt  of  evidence  of 
characterisation  ef  a clone  derived 
from  a shotpm  experiment9  • •* 
Permlssable  Experiments  With  Eukar- 
yotic Hast-  Vectors 

Viral  Vectors.  A number  of  commen- 
tators felt  that  the  stringent  contain- 
ment conditions  required,  both  in  the 
original  guidelines  and  ha  the  PRO- 
RAC.  for  Introduction  of  recombinant 
DNA  Into  tissue  culture  cells,  using 
viruses  as  vectors,  were  unwarranted. 
Tbs  EMBO  Standing  Advisory  Com- 
mittee on  Recombinant  DNA  Re- 
search wrote; 

la  experiments  Inrolvlns  the  Introduction 
o i foreign  DNA  Into  cultured  cells  o t ani- 
mals using  DNA  viruses  as  vectors,  biologi- 
cal containment  la  assured  by  the  very  re- 
stricted permissive  conditions  for  the  host 
cells;  the  only  routes  by  which  the  recom- 
binant m decide  might  escape  ore  by  chance 
Infection  at  s contaminating  microorganism 
or  within  a viral  rspslrt  and  the  rise  at  the 
recombinant  molecule  may  weO  preclude  1th 
encapsulation  * * *.  F*  example,  cloning  of 
mouse  DNA  using  polyoma  virus  as  a veetor 
and  mouse  cells  as  host  should  not  require 
precautions  more  stringer  it  than  those  rou- 
tinely need  for  many  years  hr  laboratories 
stadyhig.  polyoma  virus  Infection  at  amuse 
cads  mid  alca  The  EMBO  Committee  finds 
the  proposals  tem  thfe  dasa  at  experiments 
in  the  revised  NIB  Guideline*  not  suffi- 
ciently discriminating  because  they  would 
Impose  unnecessarily  high  levels  of  physical 
containment  fbr  experiments  with  marry  eu- 
karyotic DWAV. 

Discussed  fariler  wtthfn  the  present 
document  was  the  ascot  Workshop 
report  (appendix  El  and  the  report  of 
the  Working  Group  that  met  on  April 
8-T,  1FTR  (Appendix  FV  The  recam- 
mendstluns  of  the  Working*  OTOup 
have  bdetr  accepted  and  Incorporated 
ftrto  the  FRG-NIH. 

Plant  lEast-Tector  Systems,  pla- 
cusBril  earlier  was  the  Wbrtshdp  oh 
Rfc*  Assessment  of  Agricultural  Fsth- 
otetts,  heftf  on  ‘ March  fbj-ft.  1978. 
under  the-  sponsorship  of  U'SDA,  NSf. 
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and  NIH.  This  section  of  the  PRG- 
NIH  has  been  rewritten  on  the  basis  of 
the  Workshop  report  (see  Appendix  G 
of  the  present  document). 

Fungal  or  Similar  Lower  Eukaryotic 
Host-Vector  Systems.  Both  the  1976 
Guidelines  and  the  PRG-RAC  used 
the  same  short  paragraph  for  this  sec- 
tion. giving  little  detail,  because  they 
noted  "the  development  of  these  host- 
vectors  is  presently  in  the  speculative 
stage.”  Since  that  time  a specific  host- 
vector  system  of  this  class  has  been 
developed— namely.  Saccharomyces 

cerevisiae  (baker's  yeast)— and  other 
similar  systems  may  soon  be  proposed. 
Accordingly,  this  section  of  the  PRG- 
NIH  has  been  expanded  to  give  more 
specific  instructions  on  appropriate 
containment  levels. 

Synthetic  DNA 

Because  synthetic  DNA  is  now  ex- 
plicitly included  in  the  PRG-NIH  (as 
discussed  in  Part  I of  this  document), 
it  was  necessary  to  add  language  to 
Part  in  of  the  PRG-NIH  detailing  the 
appropriate  containment  levels  for 
these  experiments.  The  RAC  at  its 
meeting  on  April  27-28,  1978,  approved 
such  language,  and  it  has  been  insert- 
ed in  the  PRG-NIH. 

Proposed  Action:  Environmental 
Impact  Assessment 

Discussed  in  the  Director’s  “Deci- 
sion” accompanying  the  original 
Guidelines  and  in  the  Environmental 
Impact  Statement  on  their  release 
are— 

•Tthe  containment  safeguards, 
physical  and  biological,  that  protect 
the  laboratory  worker,  the  general 
public,  and  the  environment; 

•The  criteria  for  assessing  the  possi- 
ble dangers  from  experiments  involv- 
ing recombinant  DNA  molecules;  and 

•The  criteria  for  matching  the  as- 
sessed possible  dangers  of  individual 
experiments  with  the  appropriate 
safeguards. 

It  was  these  criteria  for  the  selection 
of  safeguards  that  guided  the  delibera- 
tions of  the  Recombinant  Advisory 
Committee  in  proposing  physical  and 
biological  containment  levels  for  cer- 
tain classes  of  experiments.  These  cri- 
teria were  also  the  basis  for  recom- 
mendations by  the  scientific  work, 
groups  on  plants  and  viruses  upon 
which  the  RAC  made  further  recom- 
mendations In  April  1978.  The  basic 
structure  of  classification  for  permissi- 
ble experiments  Is  maintained 
throughout  the  PRG-NIH. 

That  structure  is  based  on  the  host- 
vector  system  and  the  source  of  the 
DNA.  The  E.  coli  K-12  host-vector 
system  is  considered  first,  then  other 
prokaryotic  host-vector  systems,  then 
eukaryotic  host-vector  systems.  To 
assist  the  reader  in  comprehending 
the  structure  of  the  guidelines  for  per- 


missible experiements,  a table  is  pro- 
vided outlining  the  containment  levels 
given  in  the  current  guidelines,  the 
PRG-RAC,  and  the  PRG-NIH  (see 
App.  A).  To  assist  further  in  the  con- 
sideration of  experiments  under  the 
guidelines,  NIH  reviewed  all  experi- 
ments supported  by  NIH  as  of  Decem- 
ber 15,  1977,  and  characterized  them 
in  a comparable  table  (see  App.  B). 
This  shows  the  containment  levels  re- 
quired for  these  experiments  under 
the  current  guidelines,  the  PRG-RAC, 
and  the  PRG-NIH. 

The  major  areas  where  changes  have 
occurred  in  the  PRG-NIH  include  the 
five  categories  of  exempt  experiments 
and  those  other  classes  of  experiments 
for  which  containment  levels  are  low- 
ered. Many  of  the  experiments  under 
the  current  guidelines  would  be 
exempt  under  the  "Exemptions”  sec- 
tion of  the  PRG-NIH,  including  those 
in  which  recombinant  DNA  molecules 
are  not  in  organisms  or  viruses,  are 
from  a single  nonchromosomal  or  viral 
source,  or  are  from  species  that  ex- 
change DNA  by  known  physiological 
processes.  These  exemptions  are  pro- 
posed because  evidence  has  led  to  the 
conclusion  that  the  experiments  pose 
no  significant  risk  to  health  or  the  en- 
vironment. 

Permissible  experiments  involving  E. 
coli  K-12  as  a host- vector  system  in 
the  PRG-NIH  may  generally  be  done 
at  lower  levels  of  physical  and  biologi- 
cal containment.  A basis  for  this  is  the 
abundant  scientific  evidence  that  E. 
coli  K-12  cannot  be  transformed  into 
a pathogen.  (See  Pt.  EH  of  this  docu- 
ment for  a summary  of  the  scientific 
information  on  the  safety  of  this  host- 
vector  system.) 

Another  reason  for  reducing  con- 
tainment levels  when  eukaryotic  DNA 
is  inserted  “shotgun”  into  E.  coli  K-12 
is  new  knowledge  obtained  only  re- 
cently concerning  the  significant  dif- 
ference between  prokaryotes  and  eu- 
karyotes in  the  way  proteins  are  syn- 
thesized. This  newly  discovered  phe- 
nomenon of  "intervening,”  or 
"spacer,”  sequences  in  eukaryotic 
DNA  (1)  is  discussed  in  footnote  13  to 
the  “Introduction  and  Overview”  of 
the  accompanying  decision  document. 
It  makes  the  expression  of  eukaryotic 
DNA  inserted  “shotgun”  into  E.  coli 
K-12  using  "nonengineered”  plasmids 
less  likely  than  had  been  postulated  2 
years  ago  before  the  phenomenon  of 
“intervening”  sequences  in  eukaryotes 
was  discovered. 

In  the  PRG-NIH,  containment  levels 
have  been  significantly  reduced  for 
the  use  of  viruses  as  vectors  and  as  a 
source  of  DNA  for  insertion  into  E. 
coli  K-12.  The  basis  for  this  was  the 
strong  support  at  the  public  hearing  in 
December  1977  for  a scientific  analysis 
on  the  use  of  viruses  in  these  experi- 
ments. As  a result,  a meeting  spon- 


sored by  NIH  and  the  European  Mo- 
lecular Biology  Organization,  held  in 
Ascot,  England,  January  1978,  pro- 
vided a rationale  for  reconsidering 
containment  levels  for  recombinant 
DNA  experiments  involving  viral  DNA. 
On  the  basis  of  the  NIH/EMBO  report 
and  a workshop  supported  by  the  NIH, 
the  RAC  at  its  April  1978  meeting  rec- 
ommended a complete  revision  of  the 
sections  of  the  guidelines  dealing  with 
viral  DNA  that  is  largely  reflected  in 
the  PRG-NIH.  The  bases  for  these  re- 
visions are  explained  in  detail  in  the 
reports  of  the  Ascot  conference  and 
the  NTH  working  group  which  appear 
in  Appendices  E and  F.  The  Ascot  con- 
clusions relating  to  the  insignificance 
of  the  hazard  associated  with  viral 
DNA  inserts  in  E.  coli  K-12  are  quoted 
on  page  108. 

Few  recombinant  DNA  experiments 
have  been  conducted  with  viral  DNA, 
since  the  overly  stringent  containment 
levels  of  the  current  guidelines  greatly 
inhibited  their  use.  Under  the  PRG- 
NIH,  such  work  would  be  carefully 
monitored  to  insure  that  any  new  in- 
formation on  safety  or  risk  were  quick- 
ly reviewed  and  any  appropriate 
amendments  to  the  guidelines  were 
made. 

Another  major  area  where  contain- 
ment levels  have  been  reduced  in- 
volves experiments  with  plant  DNA. 
At  the  December  public  hearing  of  the 
Advisory  Committee  to  the  Director, 
NIH,  scientists  from  the  agricultural 
community  strongly  recommended 
that  the  guidelines  pertaining  to  ex- 
periments with  plants  be  reviewed.  In 
February,  NIH,  USDA,  and  NSF  con- 
vened a meeting  of  plant  scientists, 
who  made  a number  of  recommenda- 
tions to  the  RAC.  The  RAC’s  recom- 
mendations from  its  April  1978  meet- 
ing are  reflected  in  the  PRG-NIH. 
Few  NIH  experiments  are  in  this  area, 
and  developments  win  need  to  be 
closely  monitored  by  the  NSF  and 
USDA  to  determine  what  work  is 
being  done.  Again  the  recommenda- 
tions comport  with  safety  require- 
ments to  assure  no  significant  risk  to 
health  or  the  environment. 

In  effect,  all  of  the  recommenda- 
tions for  permissible  experiments  and 
for  those  exempt  from  the  guidelines 
are  based  on  new  scientific  findings  or 
on  reassessment  of  previous  informa- 
tion. Evidence  indicates  that  work 
should  proceed  because  many  recom- 
binant DNA  molecules  produced  in 
laboratories  mimic  those  already  pres- 
ent in  nature.  The  PRG-NIH  focus  on 
areas  of  experimentation  that  need 
special  attention  for  the  possibility  of 
potential  hazard.  Work  in  progress 
that  is  expected  to  yield  valuable  new 
information  will  need  to  be  moni- 
tored—for  example,  experiments  in 
which  "engineered”  systems  should 
permit  intentional  expression  of  ge- 
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netic  functions,  the  current  revisions 
intend  to  remove  as  a focus  of  atten- 
tion the  type  of  project  that  does  no 
more  than  mimic  nature  and  to  permit 
serious  attention  to  new  developments 
that  would  further  the  expression  of 
new  genetic  functions. 

All  the  accumulated  evidence  on  ex- 
periments permitted  under  the  guide- 
lines indicates  that  the  proposed  revi- 
sions would  have  no  significant  envi- 
ronmental impact. 

The  categorization  of  experiments  is 
based  on  several  premises,  as  ex- 
plained in  the  1977  environmental 
impact  statement.  Shotgun  experi- 
ments with  DNA  from  primate  sources 
require  containment  because  they  in- 
volve genes  that  might  function  in 
humans  with  untoward  effects.  Con- 
tainment levels,  however,  have  been 
lowered  here  because  the  concern 
about  a hazard  from  pathogenic  viral 
DNA's  residing  in  primate  tissue  has 
been  largely  laid  to  rest  in  the  viral  re- 
ports. Alternatives  in  the  use  of  physi- 
cal and  biological  containment  are 
provided  in  a number  of  cases  on  the 
premise  that  the  greater  the  contain- 
ment afforded  by  the  host-vector 
system,  the  lower  the  physical  con- 
tainment needed.  Requirements  con- 
tinue to  be  more  stringent  when  the 
source  of  foreign  DNA  is  known  to  be 
pathogenic  or  toxigenic,  or  might  be 
infected  with  a pathogen,  or  is  known 
to  make  harmful  products. 

For  shotgun  experiments  when  the 
source  of  DNA  is  prokaryotic  organ- 
ism. the  guidelines  specify  contain- 
ment levels  according  to  whether  the 
organism  is  known  to  recombine  genet- 
ic information  with  E.  coli  in  nature. 
Many  of  the  experiments  involving  ex- 
changers are  now  exempt  under  Ex- 
emptions I-E  4 in  the  PRG  NIH.  The 
lowering  of  containment  recommenda- 
tions for  those  experiments  in  which 
the  source  is  a prokaryote  that  does 
not  naturally  exchange  genetic  materi- 
al with  E.  coli  reflects  the  safety  in 
the  use  of  E.  coli  K-12.  Scientific  in- 
formation over  the  past  2 years  shows 
that  recombinant  DNA  experiments 
are  most  unlikely  to  create  new  genet- 
ic combinations  never  tested  by  nature 
and  that  the  possibility  of  transform- 
ing E.  col i K 12  into  an  epidemic  path- 
ogen is  virtually  nil. 

In  the  case  of  a clone  that  has  been 
rigorously  characterized  and  is  free 
from  harmful  genes,  the  safety  is  such 
as  to  permit  provision  for  actions  by 
the  local  biohazard  committee  rather 
than  NIH.  Purification  greatly  reduces 
the  potential  for  growth  of  a hazard- 
ous organism,  and  the  containment  re- 
quirements should  be  correspondingly 
lower. 

The  changes  in  the  eukaryotic  host- 
vector  systems  reflect  in  large  part  the 
recommendations  concerning  work 
with  viruses  and  plants.  As  noted  in 


the  original  EIS.  recombinant  DNA 
experiments  here  involve  the  use  of 
systems  in  which  the  host  cells  have 
little  or  no  chance  of  escaping  from 
the  laboratory  as  an  E.  coli  ceil  might. 

New  scientific  information  indicates 
that  a variety  of  organisms,  such  as 
the  lower  eukaryotes  fungi  and  yeast, 
may  be  useful  hosts  for  experiments 
with  recombinant  DNA's;  and  useful 
vectors  are  now  becoming  available  for 
these  systems.  Hence,  this  section  of 
the  guidelines  has  been  expanded  to 
detail  safe  use  of  these  systems.  In  ad- 
dition. because  of  the  ability  to  use 
synthetic  DNA  in  recombinant  DNA 
experiments,  a new  section  has  been 
added  to  the  PRG-NIH  to  specify  safe 
containment  levels  for  this  research. 

NIH  has  been  mindful  of  the  con- 
cerns of  those  who  requested  that  the 
EIS  on  the  original  guidelines  contain 
further  information  on  individual  ex- 
periments. We  have  tried  to  meet  that 
need  by  the  analysis  provided  in  this 
section  and  in  Appendix  B. 

At  the  public  hearing  on  the  PRG- 
RAC  in  December  1977.  some  critical 
comments  were  directed  at  NIH's  EIS 
on  the  original  guidelines.  Most  of  the 
comments  centered  on  NIH  policies 
vis-a-vis  permissible  experiments.  An 
analysis  of  those  comments  appears  as 
Appendix  C. 

Because  of  the  critical  Importance  of 
E.  coli  K-12  in  recombinant  DNA  re- 
search. an  assessment  of  the  use  of 
this  organism  in  recombinant  DNA  ex- 
periments follows. 


Background  on  the  use  of  E ccli  K 12 
in  recombinant  DMA  experiments 

Escherichia  co'.i  designates  a range 
ot  bacteria]  strains.  Each  is  adapted  to 
live  in  a certain  habitat.  Its  habitats 
are  found  primarily  in  the  vertebrate 
gut,  ar.d  it  cannot  long  survive  else- 
where—for  example,  in  sewag  e.<2) 
Some  strains  are  pathogenic,  causing 
disease  in  the  gastrointestinal  tract  of 
man  or  other  animals.  (3,4)  One  strain 
of  E.  coli,  called  K-12.”  has  been  used 
in  laboratory  experiments  for  over  50 
years.  (2)  It  is  not  known  to  have  ever 
caused  disease.! 3) 

K-12  became  the  favorite  organism 
for  genetic  research  because  it  repro- 
duces rapidly  and  thrives  under  con- 
trolled laboratory  conditions.  No  living 
creature  is  known  more  thoroughly. 
Its  single  chromosome  can  be  easily 
manipulated  by  genetic  means,  permit- 
ting its  gene  structure  to  be  mapped. 
This  work  has  greatly  advanced  under- 
standing of  how  genes  express  and  reg- 
ulate inherited  characteristics. 

The  chromosome  of  K-12  is  a circu- 
lar molecule  of  DNA  with  about  4 mil- 
lion subunits.  These  compose  3.000  or 
4.000  genes,  of  which  about  650  have 
been  identified  and  assigned  locations. 
(5)  An  arc  of  the  genetic  map  of  E.  coli 
K-12  is  shown  below .(5) 

The  NIH  guidelines  limit  the  vast 
majority  of  recombinant  DNA  experi- 
ments to  the  use  of  E.  coli  K-12  as 
host  for  the  foreign  genes.  This  is  be- 
cause the  unaltered  organism  is  non- 
pat hogenic  and  well  known  in  its  natu- 
ral properties— both  factors  lending 
confidence  that  it  can  be  handled 
safely. 


Figure  4 
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There  are  those,  however,  who  view 
the  ubiquity  of  E.  coli  in  vertebrates 
as  an  argument  against  the  use  of  even 
the  K-12  strain  as  a host  for  foreign 
DNA.  Concern  has  been  expressed,  for 
instance,  that  the  bowels  of  persons  on 
anitbiotics,  ill  persons,  human  infants, 
or  members  of  other  species  may  be 
susceptible  to  colonization. ( 7)  More- 
over, if  E.  coli  K-12  can  survive  in  a 
person  or  animal,  it  might  confer  ge- 
netic characteristics  to  hardier  bacte- 
rial inhabitants. 

Scientists  engaged  or  interested  in 
recombinant  DNA  research  have  ad- 
dressed these  concerns  in  three  ways  - 
first,  through  guidelines  specifying 
practices  and  conditions  of  contain- 
ment for  experiments  classified  ac- 
cording to  the  presumed  hazard; 
second,  through  attempts  to  develop 
safer  hosts  and  vectors;  and  third, 
through  risk-assessment  studies.  The 
results  of  a workshop  held  in  June 
1977  at  Falmouth,  Mass.,  to  evaluate 
the  potential  risk  of  recombinant  DNA 
experimentation  with  E.  coli  K-12  will 
be  discussed  below. 

The  Evidence  That  E.  Coli  K-12  Is 
Nonpathogenic.  The  laboratory  var- 
ients  of  K-12  permitted  in  recombin- 
ant DNA  experiments  have  never  been 
reported  to  cause  disease,  even  in  labo- 
ratory workers.  K-12  has  been  grown 
in  large  quantities  -up  to  hundreds  of 
liters  containing  as  many  as  a trillion 
bacteria.  These  cultures  have  been 
pioduced  in  countless  laboratories  the 
world  over,  and  under  containment 
conditions  lower  than  the  minimal 
ones  in  the  NIH, guidelines.  K-12  has 
none  of  the  properties  generally  asso- 
ciated with  pathogenic  bacteria.(S-75) 
It  does  not— 

» survive  and  multiply  readily  in 
natural  environments. 

• spread  from  animal  to  animal  or 
plant  to  plant, 

• multiply  readily  on  body  surfaces 
or  intestines  and  lungs, 

e penetrate  animal  cells  or  spread 
through  animal  bodies, 

• produce  a toxin  or  otherwise  alter 
other  living  things  to  cause  disease,  or 

• resist  normal  body  defense  mecha- 
nisms. 

Even  after  as  many  as  10  billion  K- 
12  organisms  have  been  ingested,  their 
multiplication  in  normal  humans  is 
only  transient,  and  after  a time  none 
can  be  recovered. (10,  11,  12,  14)  Thus, 
K-12  does  not  establish  itself  as  a per- 
manent resident  of  human  beings.  On 
the  other  hand,  K-12  can  reside  under 


abnormal  conditions,  as  during  antibi- 
otic therapy.  (.16) 

A micro-organism,  in  order  to  cause 
disease,  must  have  the  genetic  capabil- 
ity to  do  so,  as  well  as  the  ability  to  es- 
tablish itself  in  the  body.  It  is  difficult 
to  conceive  how-  K-12,  itself  nonpatho- 
genic, could  become  pathogenic  as  a 
result  of  genetic  manipulation.  Highly 
attenuated,  it  is  known  only  to  inhabi- 
tat the  biological  laboratory. 

Even  when  genetic  determinants  of 
pathogenicity  in  other  E.  coli  strains 
were  introduced  into  K -12,  no  instance 
of  capacity  to  induce  diarrheal  disease 
or  urinary  tract  infection  could  be  de- 
tected. (14,  15)  The  workers  conclude 
that  the  inadvertent  transformation 
of  K-12  into  a highly  pathogenic  form 
by  the  introduction  of  a single  frag- 
ment of  foreign  DNA  is  highly  unlike- 
ly. (.15)  Indeed,  the  number  of  charac- 
teristics that  a microbe  must  have  in 
order  to  cause  disease  is  believed  to  be 
great,  not  to  mention  additional  char- 
acteristics needed  to  produce  an  epi- 
demic. (7  7) 

Transfer  of  Foreign  DNA  from  E.  coli 
K-12.  While  it  would  appear  impossi- 
ble to  render  E.  coli  K-12  pathogenic 
by  the  introduction  of  foreign  DNA, 
there  is  still  to  be  considered  whether 
the  inserted  fragment  could  be  trans- 
mitted to  another  bacterium  with 
which  the  K-12  comes  in  contact,  in- 
cluding other  strains  of  E.  coli.  Such  a 
transmission  might  convert  the  recipi- 
ent into  a pathogen  or  render  a patho- 
gen more  viable.  The  case  of  plasmid 
vectors  is  considered  first. 

Plasmids  are  intracellular  particles 
composed  of  DNA  and  not  dependent 
on  chromosomes  for  their  replication. 
Hence,  they  can  be  used  as  vectors,  or 
vehicles,  for  transporting  foreign  DNA 
into  the  bacterial  host,  where  they 
multiply  and  propagate  the  genes  they 
bear.  Certain  plasmids  (called  “conju- 
gative”)  are  inherently  able  to  migrate 
from  one  bacterial  cell  to  another. 
These  are  prohibited  for  nearly  all  re- 
combinant DNA  experiments.  Only 
plasmids  not  capable  or  barely  capable 
of  spontaneous  intercellular  migration 
("nonconjugative”)  may  be  used. 

The  nonconjugative  plasmid's  ability 
to  migrate  is  augmented  if  the  cell 
harboring  it  is  invaded  by  a conjuga- 
tive  plasmid,  which  may  confer  this 
property.  Then  even  the  non-  conjuga- 
tive  plasmid  may  become  a potential 
DNA-bearing  invader.  It  has  been  cal- 
culated, however,  that  the  chance  of 
this  occurring  with  certain  K-12  plas- 
mid systems  is  less  than  1 in  10 16  (10 
quadrillion)  K-12’s  surviving  per  day 


in  the  intestine  of  warm-blooded  ani- 
mals. (13,  14)  The  probability  is  even 
lower  in  sewers,  sewage  treatment 
plants,  and  waterways.  It  should  be 
noted  that  since  most  of  the  estimates 
of  probability  are  based  on  data  ob- 
tained under  laboratory  conditions, 
animal  ahd  human  feeding  studies  are 
needed  to  verify  the  predictions.US) 

Consideration  must  also  be  given  to 
the  question  of  transfer  of  foreign 
DNA  from  the  initial  K-12  host  to 
other  bacteria  by  means  of  bacterio- 
phage vectors.  Bacteriophages  are  vir- 
uses that  infect  only  bacteria.  They 
could  escape  the  laboratory  either  as 
mature  infectious  particles  or  in  bacte- 
rial hosts  in  which  the  phage  DNA  is 
carried  as  a plasmid  or  within  the 
DNA  of  the  cell. 

The  survival  of  phage  DNA  when  re- 
leased as  infectious  particles  depends 
on  their  stability  in  nature,  their  in- 
fectivity,  and  the  probability  of  effec- 
tive encounters  with  naturally  occur- 
ring E.  coli.  The  bacteriophage  used  in 
recombinant  DNA  experiments  is 
known  as  lambda.  It  is  considered  very 
unlikely  to  survive  and  to  infect  resi- 
dent E.  coli  in  animals  and  humans, 
being  highly  sensitive  to  stomach  acid, 
reluctant  to  infect  smooth  E.  coli  cells 
(the  type  normally  found  in  the  gut), 
and  susceptible  to  drying,  as  would 
occur  if  it  escaped  into  the  air.  More- 
over, E.  coli  vulnerable  to  lambda  is 
uncommon  in  nature.  Infective  lambda 
ingested  in  large  amounts  (10  -,  or  100 
billion,  particles)  could  not  be  detected 
in  human  feces.(79) 

Establishement  of  lambda  as  a resi- 
dent of  the  E.  coli  host  cell’s  DNA  is  a 
well-known  example  of  natural  recom- 
bination, In  certain  cases,  it  is  a fre- 
quent event,  as  likely  to  occur  as  not. 
Hence,  this  mode  of  escape  would  be 
the  preponderant  laboratory  hazard. 
However,  most  variants  of  lambda 
used  (or  under  consideration  for  use) 
in  recombinant  DNA  experiments 
have  a much  reduced  ability  to  become 
so  incorporated. (2d-  22)  Here  the  prob- 
ability drops  to  10  5 or  10  G—  1 in 
100,000  or  1,000,000.(22-25) 

The  estimates  for  containment  in 
the  use  of  bacteriophage  host-vectors, 
while  not  exact,  are  sufficient  to 
assure  that  the  probability  of  transfer- 
ring a foreign  DNA  fragment  from  the 
original  K-12  host  to  other  bacteria  is 
remote. 

Ability  of  E.  Coli  K-12  To  Survive 
and  Spread  in  Nature.  Thus  far,  the 
suitability  of  K-12  for  recombinant 
DNA  experiments  has  been  considered 
in  relation  to  its  ability  to  do  harm 
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either  directly  or  through  transfer  of 
a foreign  DNA  fragment  to  another 
bacterial  cell.  These  properties  will 
depend  on  the  ability  of  the  K-12  to 
survive,  multiply,  and  infect  other 
living  organisms.  As  already  described, 
K-12  is  poorly  equipped  to  survive  in 
natural  environments;  but  if  it  should 
survive  and  multiply,  it  is  still  unlikely 
to  infect  living  things.  E.  coli  are 
seldom  spread  by  aerosols;  they  are 
primarily  spread  by  ingestion  of  con- 
taminated food  and  water.  Between 
10*  and  10*  (1  million  to  1 billion)  cells 
of  pathogenic  E.  coli  are  required  to 
cause  disease  <12. 25).  In  other  words, 
at  least  a million  bacteria  would  be  re- 
quired to  cause  disease  in  a single 
person  If  some  K-12  did  become 
pathogenic. 

The  guidelines  emphasize  protection 
of  laboratory  workers  because  they 
are  the  persons  most  at  risk.  They  are 
also  the  most  likely  means  by  which 
recombinant  DNA  might  be  spread. 
Should  a worker  carry  such  agents  out 
of  the  laboratory,  however,  the  prob- 
ability that  others  would  be  affected  is 
still  very  low,  and  the  risk  of  a result- 
ing epidemic  is  virtually  nonexistent. 
There  is  abundant  evidence  for  this  as- 
sertion. It  has  long  been  known  that 
the  separation  of  sewage  from  food 
and  water  supplies  prevents  epidemcis 
of  enteric  bacteria  such  as  E.  coli. 

The  following  excerpt  from  a letter 
by  Roy  Curtiss  III  to  Donald  S.,  Fre- 
drickson discusses  the  K-12  strain  of 
E.  coli  in  relation  to  infectivity.(fj) 

In  terms  of  communicability  of  E.  coli  K- 
12.  we  know  that  enteric  diseases  caused  by 
enteropathosenic  E.  colt  and  various  strains 
of  Shigella.  Salmonella  and  Vibrio  are  trans- 
mitted by  contaminated  food  and  water  and 
that  manifestation  of  disease  symptoms  re- 
quires consumption  of  approximately  1 mil- 
lion bacteria.  Such  enteric  diseases  are 
seldom  spread  by  aerosols.  Indeed.  It  Is  well 
known,  for  example,  that  cages  of  mice  In- 
fected with  Samonella  can  be  housed  in  the 
same  room  with  uninfected  mice  which 
remain  uninfected.  The  finding  that  E.  coli 
cells  can  be  recovered  from  the  nasophar- 
ynx of  approximately  5 percent  of  those 
humans  tested  might  suggest  that  aerosol 
spread  could  occur.  Such  E.  coli  cells,  how- 
ever. are  only  intermittently  present  In  the 
nasopharynx  and  are  usually  found  at  con- 
centrations too  low  to  Initiate  an  Infection 
even  If  they  were  representative  of  a patho- 
genic strain.  They  most  likely  get  Into  the 
nasopharynx  due  to  poor  personal  hygiene. 
After  learning  of  these  observations  quite 
some  years  ago.  I monitored  my  nostrils  and 
skin  for  the  presence  of  those  E.  coli  K 12 
strains  I was  working  with.  I was  successful 
In  detecting  these  strains  about  10  percent 
of  the  time  when  the  monitoring  was  done 
at  the  end  of  the  work  day.  but  never  ob- 
tained positive  results  when  the  monitoring 
was  done  the  next  morning.  I should  hasten 
to  add  that  my  research  with  E.  coli  K-12  at 
that  time  Involved  mouth  pipetting  and 
other  aerosol-generating  procedures  on  an 
open  lab  bench:  procedures  and  conditions 
which  are  not  permitted  by  the  NIH  Guide- 
lines. These  results,  preliminary  as  they  are. 


nevertheless  suggest  that  E.  coli  K-12  does 
not  colonize  the  nasopharynx.  Based  on 
these  observations,  the  fact  that  E.  colt's 
normal  ecological  niche  is  the  colon  and  the 
fact  that  transmission  of  enteric  diseases  is 
by  ingestion  of  contaminated  water  and 
food.  I doubt  that  E.  coli  K-12  could  be  con- 
verted to  an  air  borne  “infectious"  agent  by 
Introduction  of  recombinant  DNA  In  terms 
of  the  more  usual  means  for  spread  of  en- 
teric pathogens,  it  Is  evident  tha  enteric  dis- 
eases are  bery  well  controlled  In  the  United 
States  by  sanitary  engineering,  even  though 
there  have  been  reports  of  poor  water  qual- 
ity In  some  parts  of  the  country  and  higher- 
than-desired  levels  of  pollution  of  rivers, 
streams,  etc.  There  is  however,  a concerted 
effort  to  Improve  biological  waste  water 
treatment  and  thus  lessen  pollution  and  im- 
prove water  quality.  Even  If  there  were  a 
natural  catastrophe  such  as  caused  by  an 
earthquake,  tornado,  hurricane,  etc.,  it  is 
unlikely  that  E.  coli  K-12  containing  recom- 
binant DNA  could  initiate  or  sustain  an  epi- 
demic in  view  of  K-12's  inability  to  colonize 
and  overcome  host  defense  mechanisms. 

Seeking  a consensus  on  the  matter 
of  risk  assessment  in  recombinant 
DNA  research,  with  particular  refer- 
ence to  the  use  of  E.  coli.  the  National 
Institutes  of  Health  sponsored  a work- 
shop in  Falmouth.  Mass.,  on  June  20- 
21,  1977.  In  attendance  were  approxi- 
mately 50  invited  participants  and  ob- 
servers. from  the  United  States  and 
abroad,  including  experts  on  all  as- 
pects of  infectious  disease.  The  follow- 
ing excerpt  from  a letter  by  the  work- 
shop chariman.  Sherwood  L.  Gorbach. 
to  Donald  S.  Fredrickson  summarizes 
the  principal  conclusion: 

Consensus  Agreement 

An  Important  consensus  was  arrived  at  by 
the  assembled  group  which  I felt  was  of  suf- 
ficient interest  to  be  brought  directly  to 
your  attention.  The  participants  arrived  at 
unanimous  agreement  that  E.  coli  K-12 
cannot  be  converted  into  an  epidemic  patho- 
gen by  laboratory  manipulations  with  DNA 
Inserts.  On  the  basis  of  extensive  studies  al- 
ready completed.  It  appears  that  E.  coli  K- 
12  does  not  Implant  In  the  intestinal  tract  of 
man.  There  is  no  evidence  that  non-trans- 
missible  plasmids  can  be  spread  from  E.  coli 
K-12  to  other  host  bacteria  within  the  gut. 
Finally,  extensive  studies  in  the  laboratory 
to  Induce  virulence  In  E.  coli  K-12  by  Inser- 
tion of  known  plasmids  and  chromosomal 
segments  coding  for  virulence  factors,  using 
standard  bacterial  genetic  techniques,  have 
proven  unsuccessful  in  producing  a fully 
pathogenic  strain.  As  a result  of  these  dis- 
cussions. it  was  believed  that  the  proposed 
hazards  concerning  E.  coli  K-12  as  an  epi- 
demic pathogen  have  been  overstated.  Such 
concerns  are  not  compatible  with  the  exten- 
sive scientific  evidence  that  has  already 
been  accumulated,  all  of  which  provides  as- 
surance that  E.  coli  K 12  Is  Inherently  en- 
feebled and  not  capable  of  pathogenic  trans- 
formation by  DNA  insertions. 

The  entire  letter  from  Gorbach  is 
quoted  in  the  NIH  environmental 
impact  statement,  part  II.  appendix 
M.(27)  The  proceedings  of  the  Fal- 
mouth workshop  on  risk-assessment 


have  been  published  in  the  May  1978 
Journal  of  Infectious  Diseases. 

There  remains  the  question  whether 
the  insertion  of  a foreign  DNA  frag- 
ment into  K-12  will  significantly  alter 
the  properties  of  the  latter  with 
regard  to  survival  and  multiplication, 
or  the  ability  of  the  plasmid  and  bac- 
teriophage vectors  to  be  spread.  The 
improbability  of  converting  K-12  to  a 
pathogen  has  already  been  discussed. 
Changes  in  ability  to  survive  and  mul- 
tiply would  be  expected  to  involve  not 
only  the  changes  in  the  K-12  itself,  or 
the  plasmid  or  bacteriophage,  but  also 
the  nature  of  the  environment  in 
which  it  finds  itself.  The  subject  is  dis- 
cussed in  the  section  of  this  document 
entitled  ’Risk  and  Benefits  of  Recom- 
binant DNA  Research." 

Attenuated  K-12  Systems.  Theoreti- 
cally. the  most  desirable  bacterial  re- 
cipient of  recombinant  DNA  would  be 
a species  uniquely  adapted  to  carefully 
controlled  laboratory  conditions  and 
unable  to  survive  or  transmit  DNA  to 
other  organisms  in  any  natural  envi- 
ronment. This  means  that  it  should  be 
unable  to  establish  itself  as  a long- 
lived  and  multiplying  resident  in  or  on 
living  things,  or  in  soil  or  water.  In  ad- 
dition. these  properties  should  not  be 
significantly  altered  by  recombination 
of  the  bacterium's  DNA.  The  organism 
should  also,  of  course,  lend  itself  to 
manipulation  for  successful  execution 
of  experiments. 

No  bacterium  meeting  all  these  re- 
quirements is  known.  It  is  possible 
that  no  such  creature  exists  in  nature. 
Available  bacterial  systems  must  be 
evaluated  for  relative  safety  and  util- 
ity. depending  on  the  extent  to  which 
they  approach  the  ideal.  The  forego- 
ing summary  of  knowledge  concerning 
K-12  and  its  known  plasmids  and  bac- 
teriophages indicates  that  these  sys- 
tems measure  up  well  with  the  ideal 
criteria,  and  can  therefore  be  recom- 
mended for  use  in  recombinant  DNA 
research. 

The  K-12  systems,  extant  and  pro- 
jected. are  known  as  EK1,  EK2.  and 
EK3,  referring  to  increasing  degrees  of 
attenuation.  The  guidelines  permit  the 
use  of  EK1  for  those  experiments 
whose  potential  for  hazard  is  regarded 
as  nil.  low,  or  minimal.  For  experi- 
ments Judged  to  have  a somewhat 
higher  (though  still  conjectural)  po- 
tential for  hazard,  the  guidelines  re- 
quire the  further  attenuated  system 
EK2.  Here,  properties  of  the  K-12  and 
the  vectors  must  be  so  modified  as  to 
minimize  the  chance  of  the  vector  sur- 
viving in  its  host  outside  the  labora- 
tory and  migrating  to  other  hosts. 
EK3  systems  are  even  stricter,  requir- 
ing. for  example,  the  use  of  vectors 
that  cannot  propagate  outside  the 
host.  So  far,  no  EK3  systems  have 
been  certified.  [In  the  proposed  re- 
vised Guidelines  (PRG-NIH),  the  EK 
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systems  are  retained  within  the  broad- 
er host-vector  systems  (HV)  classifica- 
tion, providing  more  specificity.] 

Implications  of  the  use  of  EK2  con- 
tainment are  elucidated  in  the  follow- 
ing passage  from  a paper  presented  by 
Bernard  D.  Davis  at  a forum  on  recom- 
binant DNA  held  by  the  National 
Academy  of  Sciences,  March  7-9, 
1977.(2) 

A very  large  safety  factor  is  added  by  the 
provision  in  the  present  guidelines  for  bio- 
logical containment.  All  work  with  mamma- 
lian DNA  must  be  carried  out  in  EK2 
strains,  which  have  a drastically  impaired 
ability  to  multiply,  or  to  transfer  their  plas- 
mid, except  under  very  special  conditions 
provided  in  the  laboratory.  The  presently 
certified  EK2  strain  has  several  stable  mu- 
tational defects  (i.e.,  deletions)  that  prevent 
it  from  multiplying  under  the  nutritional 
conditions  of  the  gut.  But  the  protection 
goes  much  further,  and  reaches  a degree 
that  is  unprecedented  in  the  annals  of 
man’s  exploration  of  potentially  hazardous 
new  materials:  this  material  has  been  coded 
for  self-destruction.  For  example,  these 
mutant  cells  require  diaminopimelate,  a 
constituent  of  cell  wall;  and  without  it  they 
can  continue  to  grow  and  expand  but 
cannot  form  more  wall,  and  so  they  quickly 
burst.  Accordingly,  under  conditions  similar 
to  those  in  the  gut  such  an  EK2  strain  not 
only  fails  to  multiply,  but  less  than  1 in  10 8 
cells  survives  after  24  hours— and  it  would 
be  an  extraordinarily  sloppy  laboratory  ac- 
cident that  would  result  in  ingestion  of  as 
many  as  10 8 cells.  In  addition,  while  the  cells 
are  dying  off  in  the  absence  of  diaminopi- 
melate they  are  severely  impaired  in  their 
ability  to  transfer  plasmids  to  other,  well- 
adapted  cells— and  this  is  the  important 
point  for  the  danger  of  spreading  harmful 
genes.  Finally,  not  only  the  cells  but  also 
the  plasmids  being  used  to  carry  recombin- 
ant genes  are  also  weakened  mutant  deriva- 
ties,  selected  for  severe  impairment  of  their 
ability  to  be  transmitted  from  the  host  cell 
to  another  cell. 

We  thus  see  that,  even  with  a strain 
known  to  carry  the  gene  for  a potent  toxin, 
the  production  of  disease  in  a laboratory 
worker  would  require  the  compounding  of 
two  low  probabilities:  that  the  strain  will 
initiate  an  infection  and  that  it  will  survive 
long  enough  to  cause  harm  despite  its  sever- 
al disadvantages— that  of  being  a labora- 
tory-adapted strain,  that  of  carrying  the 
burden  of  foreign  DNA,  and  that  of  carry- 
ing the  very  large  burden  of  being  a suicidal 
EK2  strain. 

The  criteria  for  NIH  certification  of 
an  EK2  system  have  been  defined  and 
enlarged  during  the  past  year.  Exten- 
sive data  are  required  and  very  de- 
manding standards  have  been  set. 
Such  organisms  are  being  designed 
and  constructed  by  NIH  contractors 
and  other  interested  investigators. 
Their  use  in  recombinant  DNA  experi- 
ments is  not  allowed  until  they  have 
been  certified  by  the  Director,  NIH, 
upon  recommendation  by  the  Recom- 
binant Advisory  Committee.  The  NIH 
environmental  impact  statement  de- 
scribes the  criteria  for  certification 
and  lists  the  certified  EK2  systems  as 
of  July  1977.(25)  It  should  be  noted 


that  the  same  depth  of  experience 
with  K-12  that  recommends  its  utility 
as  a host  for  recombinant  DNA  experi- 
ments is  central  to  the  ability  to  ma- 
nipulate it  for  the  purpose  of  improv- 
ing its  safety. 

An  important  recent  paper  was  pub- 
lished by  two  British  workers,  Petro- 
cheilou  and  Richmond  on  the  absence 
of  plasmid  or  E.  coli  K-12  infection 
among  laboratory  personnel.(29)  In 
testimony  before  the  Subcommittee 
on  Science,  Technology,  and  Space  of 
the  Senate  Committee  on  Commerce, 
Science,  and  Transportation,  on  No- 
vember 10,  1977,  Dr.  Oliver  Smithies, 
professor  of  medical  genetics  and  ge- 
netics at  the  University  of  Wisconsin, 
interpreted  the  Petrocheilou  and 
Richmond  results  as  follows: 

Twice  weekly  for  over  2 years  these  work- 
ers tested  the  feces  of  five  laboratory  per- 
sons who  had  been  using  without  special 
precautions  the  laboratory  strain  of  E.  coli 
called  K-12,  together  with  a transmissible 
plasmid.  Neither  the  E.  coli  K-12  nor  the 
transmissible  plasmid  was  ever  found  in  the 
feces  during  these  tests.  (Transmissible  plas- 
mids are  naturally  occurring  circular  pieces 
of  DNA  that  can  replicate  inside  bacteria 
and  which,  in  nature,  transfer  genes  be- 
tween them.)  So,  with  E.  Coli  K-12  and  a 
transmissible  plasmid,  the  risk  of  the  plas- 
mid or  its  host  K-12  getting  into  the  feces 
and  surviving  to  any  appreciable  extent  is 
less  than  one  per  laboratory  worker  per  10 
years  of  lab  work,  even  when  no  special  pre- 
cautions are  taken. 

Now,  under  the  NIH  guidelines,  none  of 
the  even  conceivably  hazardous  experiments 
are  performed  in  this  type  of  E.  coli,  K-12. 
Such  experiments  require  a specially  weak- 
ened strain,  Chi  1776,  which  introduces  a 
safety  factor  for  survival  of  greater  than 
100  million.  Chi  1776  has  been  proven  by 
tests  to  survive  100  million  times  less  well 
than  K-12. 

In  addition,  such  experiments  require  the 
use  of  a nontransmissible  plasmid  which  in- 
troduces a safety  factor  for  transfer  of  the 
plasmid  to  other  bacteria  of  about  100  mil- 
lion. 

Let  me  emphasize  again  that  this  type  of 
work  requires  a nontransmissible  plasmid: 
that  is,  a plasmid  derived  from  a transmissi- 
ble plasmid  by  eliminating  the  mechanisms 
for  transfer  of  the  plasmid  between  bacte- 
ria. 

So  the  risk  of  Chi  1776  strain  of  E.  coli  K- 
12  surviving  in  the  feces  or  of  the  recombin- 
ant DNA  plasmid  being  transferred  to  some 
other  bacteria  becomes  less  than  one  chance 
per  100,000  laboratory  workers  working  for 
10,000  years  without  special  physical  pre- 
cautions. 

This  is  what  is  meant  by  a “negligible 
risk.” 

When  we  consider  that  the  guidelines  re- 
quire also  very  special  physical  precautions, 
you  can  see  why  I think  the  risk  is  no  longer 
worth  considering. 
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IV.  Roles  and  Responsibilities 
Analysis  of  Current  Guidelines 
The  Guidelines  contain  a large  sec- 
tion. Part  IV.  defining  the  roles  and 
responsibilities  of  individuals  and  In- 
stitutions in  assuring  compliance  with 


required  containment  levels.  The  pro- 
cedures described  are  primarily  direct- 
ed at  grantees  of  the  National  Insti- 
tutes of  Health.  Similar  procedures 
are  in  force  for  work  within  NIH  labo- 
ratories and  for  work  sponsored  by 
NIH  under  contracts. 

The  principal  Investigator  is  re- 
quired to  assess  any  potential  bioha- 
zards. to  institute  appropriate  safe- 
guards and  procedures,  to  minimize  ef- 
fects of  possible  accidents  by  planning, 
to  train  and  Inform  all  personnel,  and 
to  report  any  accident  or  any  serious 
or  extended  illness  of  a worker.  All  of 
these  must  be  carried  out  on  a con- 
tinuing basis.  Thus,  the  primary  re- 
sponsibility for  conducting  experi- 
ments according  to  the  Guidelines  is 
In  the  investigator's  hands. 

Further,  In  applying  for  grants  to 
carry  out  experiments  with  recombin- 
ant DNA.  the  investigator  must  in- 
clude an  estimate  of  the  potential  bio- 
hazards and  a statement  of  the  con- 
tainment procedures  to  be  used.  The 
application  must  Include  certification 
of  the  existence  and  availability  of  ap- 
propriate facilities,  procedures,  and 
training.  The  Guidelines  Indicate  that 
institutions  In  which  recombinant 
DNA  experiments  are  carried  out  must 
establish  biohazards  committees  that 
examine  equipment  and  facilities  and 
certify  their  compliance  with  the  re- 
quirements. Such  committees  will  also 
serve  as  a source  of  advice  and  refer- 
ence on  physical  containment  facili- 
ties. on  properties  of  biological  con- 
tainment, and  on  training  of  person- 
nel. 

According  to  the  Guidelines,  the  cer- 
tification and  the  investigator's  assess- 
ment of  the  hazard  and  containment 
would  be  considered  by  NIH  study  sec- 
tions during  the  normal  scientific 
review  of  the  application.  The  Guide- 
lines leave  flexible  the  question  of  re- 
solving any  differences  between  the  in- 
vestigator's evaluation  and  that  of  the 
study  section.  The  Guidelines  do  state, 
however,  that  if  differences  cannot  be 
resolved,  the  matter  should  be  re- 
ferred to  the  Recombinant  Advisory 
Committee  or  the  NIH  Office  of  Re- 
combinant DNA  Activities. 

Application  of  the  guidelines  to  work 
not  supported  by  NIH 

Several  agencies  of  the  U S.  Govern- 
ment other  than  the  National  Insti- 
tutes of  Health  provide  support  for 
biological  and  medical  research.  Some 
of  these  currently  sponsor  recombin- 
ant DNA  experiments,  and  others  may 
do  so  in  the  future.  Activities  of  the 
research  agencies  represented  by  the 
Federal  Interagency  Committee  on 
Recombinant  DNA  Research  were  re- 
viewed by  the  Committee  in  the  fall  of 
1976.  All  member  research  agencies 
adopted  the  NIH  Guidelines  and 
standards,  including  the  National  Sci- 


ence Foundation,  the  Department  of 
Agriculture,  the  Energy  Research  and 
Development  Administration,  the  De- 
partment of  Defense,  the  National 
Aeronautics  and  Space  Administra- 
tion. and  the  Veterans  Administration. 

Several  conferences  have  been  held 
at  NIH  and  at  other  relevant  Govern- 
ment agencies  with  representatives  of 
private  industry  in  the  United  States. 
As  best  detemined  by  the  Federal 
agencies,  recombinant  DNA  research 
conducted  in  the  private  sector  com- 
plies with  the  physical  and  biological 
standards  of  the  NIH  Guidelines.  Rel- 
evant industries  have  agreed  to  follow 
the  Guidelines  on  a voluntary  basis. 

The  issue  of  recombinant  DNA  re- 
search has  been  studied  by  national 
and  International  bodies  in  many 
countries.  In  most  cases  some  form  of 
control  has  been  recommended,  but 
nowhere  has  a total  ban  on  the  re- 
search been  advocated.  Canada,  the 
Federal  Republic  of  Germany.  France, 
the  Soviet  Union,  and  the  United 
Kingdom  have  issued  guidelines  that 
differ  in  detail  but  are  similar  concep- 
tually to  the  NIH  Guidelines.  Other 
countries  are  generally  following  the 
NIH  or  U.K.  Guidelines,  including 
Denmark.  Israel,  the  Netherlands. 
Sweden,  and  Switzerland.  The  interna- 
tional Council  of  Scientific  Unions  and 
the  World  Health  Organization  have 
urged  nations  to  adopt  the  principles 
embodied  in  these  two  sets  of  guide- 
lines. The  U.K.  Guidelines  have  been 
endorsed  by  the  European  Science 
Foundation  and  the  European  Molecu- 
lar Biology  Organization. 

Scientific  and  governmental  activi- 
ties comparable  to  those  in  the  United 
States  have  been  under  way  in  the 
United  Kingdom  since  January  1975. 
A working  party  established  at  that 
time  recommended  that  recombinant 
DNA  research  In  the  United  Kingdom 
be  permitted  to  continue  under  appro- 
priate controls.  In  August  1976  a fol- 
lowup working  group  chaired  by  Sir 
Robert  Williams  issued  a report  estab- 
lishing guidelines. 

In  Canada,  in  March  1976,  a special 
committee  of  the  Canadian  Medical 
Research  Council  recommended  guide- 
lines to  govern  the  handling  of  recom- 
binant DNA  molecules  in  Council-sup- 
ported research.  The  Council  adopted 
these  guidelines  in  February  1977. 

Many  other  nations  have  reviewed 
recombinant  DNA  activities  to  deter- 
mine what  measures  were  necessary 
for  safety.  With  the  urging  of  regional 
and  International  bodies,  most  have 
adopted  the  NIH  or  U.K.  Guidelines  as 
a basic  framework  for  safety  practices 
and  procedures. 

Alternatives:  RAC-Proposed  Revisions 

Part  IV  (Roles  and  Responsibilities) 
of  the  PRG-RAC  is  described  below. 
As  In  the  current  (1976)  Guidelines, 
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this  part  of  the  PRG-RAC  was  de- 
signed to  proride  an  adrninistrative 
framework  for  implementation. 

Institution 

In  the  PRG-RAC  as  compared  with 
the  current  Guidelines.  several 
changes  were  proposed  in  the  respon- 
sibilities of  the  institution.  Responsi- 
bilities that  were  added  or  further  de- 
tailed included:  (l)a  requirement  for 
insuring  the  training  of  research  per- 
sonnel and  the  use  of  good  microbiolo- 
gical technique,  and  (2)  a requirement 
to  determine  the  need  for  medical  pro- 
cedures, with  recommendations  of  pos- 
sible specific  practices. 

Institutional  biosafety  committees 

Membership  of  the  IBC's  was  clari- 
fied by  a recommendation  to  include 
other  than  scientific  members.  In  the 
PRG-RAC,  institutional  biosafety 
committees  (called  ’ ‘biohazards  com- 
mittees” in  the  current  Guidelines) 
are  given  the  discretion  to  approve 
single-step  reductions  in  containment 
levels  for  experiments  with  character- 
ized clones  and  purified  DNA.  The 
IBC's  would  be  required  to  notify  the 
NIH  Office  of  Recombinant  DNA  Ac- 
tivities ORDA)  of  these  approvals. 

Biological  safety  officer 

Institutions  at  which  P3  and  P4  level 
recombinant  DNA  work  is  conducted 
would  tr  required  to  have  a biological 
safety  officer,  whose  specific  roles  and 
responsibilities  are  outlined. 

Principal  Investigator.  The  role  and 
responsibilities  of  the  principal  investi- 
gator would  remain  basically  the  same, 
except  for  the  important  addition  of  a 
requirement  for  training  in  microbio- 
logical techniques.  Responsibility  for 
the  determination  of  the  practices  nec- 
essary for  medical  surveillance  would 
be  relocated  to  the  institution. 

NIH  responsibilities 

Office  of  the  Director.  The  responsi- 
biii  :es  of  the  Director  remain  un- 
changed. A sentence  has  been  added 
that  clarifies  the  Director’s  authority 
to  implement  the  Guidelines  and  to  be 
the  final  arbiter  in  their  interpreta- 
tion. 

Recombinant  advisory  committee 

There  were  no  changes  in  the  cur- 
rent responsibilities  of  the  RAC. 
There  were,  however,  clarifications  of 
the  scope  of  some  duties — for  example, 
the  certification  process.  The  language 
of  the  1S76  Guidelines  caused  some 
confusion  about  the  certification  of 
EK2  (HV2)  and  EK3  (HV3)  host- 
vector  systems.  In  practice,  the  certifi- 
cation process,  clarified  in  the  PRG- 
RAC,  involves  a two-step  procedure: 
(1)  The  RAC's  recommendation  to  the 
Director,  NIH,  that  a particular  host- 
vector  system  be  certified;  and  (2)  cer- 
tification of  the  system  by  the  Direc- 


tor. The  rationale  for  the  procedure  is 
that  it  allows  the  Director  to  solicit 
the  opinions  of  additional  experts 
before  making  a financial  decision  on 
certification. 

The  RAC's  authority  to  recommend 
exceptions  from  the  prohibitions  was 
also  clarified.  The  1976  version  of  the 
Guidelines  envisioned  the  possibility 
of  the  RAC's  recommending  an  excep- 
tion to  the  10-liter  limit  on  culture 
volume  for  recombinant  DNA’s  known 
to  make  harmful  products.  The  pro- 
posed revision  would  extend  the  possi- 
bility of  an  exception  to  the  five  other 
classes  of  currently  prohibited  experi- 
ments. 

The  general  rationale  for  this  addi- 
tion is  twofold:  the  RAC's  inability  to 
foresee  all  possible  future  circum- 
stances and  its  desire  to  specify, 
within  the  limits  of  strict  safeguards, 
the  possibility  of  an  exception  for 
compelling  social  or  scientific  reasons. 
A more  immediate  and  specific  justifi- 
cation for  the  paragraph  on  excep- 
tions from  the  prohibitions  is  that  the 
risk-assessment  studies  necessary  for  a 
clearer  understanding  of  the  potential 
biohazards  of  recombinant  DNA  re- 
search may  be  technically  prohibited 
by  the  current  Guidelines,  unless 
there  is  a mechanism  for  approving 
exceptions. 

Alternatives:  Public  Commentators 
Institutional  responsibilities 

This  section  of  the  Guidelines  drew 
considerable  comment  directed  to  the 
roles  and  responsibility  of  the  local  in- 
stitution and  its  several  constituents. 
Generally,  commentators  requested 
more  information  and  greater  clarifi- 
cation of  the  structure  and  operation 
of  the  IBC,  the  function  of  the  biologi- 
cal safety  officer,  and  the  duties  of  the 
institution.  The  suggestions  and  com- 
ments were  carefully  considered,  in 
view  of  the  importance  of  this  section 
to  successful  implementation  of  the 
Guidelines  and  therefore  safe  conduct 
of  the  research. 

NTH  has  a special  responsibility  for 
leadership  in  developing  and  promot- 
ing safety  programs  relevant  to  recom- 
binant DNA  experiments.  Accordingly, 
as  in  1976,  another  committee  chaired 
by  Dr.  W.  Emmett  Barkley,  Director 
of  the  National  Cancer  Institute’s 
Office  of  Research  Safety,  was  con- 
vened to  address  concerns  raised.  As  a 
result,  and  in  response  to  a number  of 
commentators’  requests,  the  substance 
of  Appendix  D has  been  revised  and 
republished  as  a supplement  to  the 
Guidelines.  The  revised  Guidelines 
also  retain  requirements  for  emergen- 
cy plans  to  cover  accidents  and 
strengthen  the  requirement  for  train- 
ing of  all  recombinant  DNA  research- 
ers in  safe  laboratory  procedures. 

The  intent  of  this  section,  as  before, 
is  to  integrate  safety  practice  into  the 


conduct  of  recombinant  DNA  research 
and  to  assign  responsibilities  for  this 
to  the  principal  investigator,  institu- 
tion, IBC,  and  biological  safety  officer. 
It  is  important  that  these  responsibil- 
ities be  stated  in  an  unambiguous 
manner.  In  response  to  many  commen- 
tators. Part  IV  has  been  restructured 
to  present  some  of  these  functions  in 
greater  detail  and  clarity.  The  appen- 
dices contain  additional  complemen- 
tary information  on  roles  and  respon- 
sibilities. including  material  for  IBC’s 
and  biological  safety  officers. 

Expanded  Responsibilities.  In  re- 
sponse to  several  comments,  the 
review  of  research  has  been  broadened 
in  the  PRG-NIH  to  cover  all  recom- 
binant DNA  research  at  an  institution 
receiving  NTH  funds  for  this  purpose, 
whether  or  not  the  specific  recombin- 
ant DNA  project  is  funded  by  NTH. 
While  this  increases  the  responsibility 
of  the  institution  and  the  IBC,  it  is  be- 
lieved that  the  overall  safety  of  recom- 
binant DNA  research  will  be  en- 
hanced. To  reflect  more  closely  the 
spirit  of  the  Guidelines,  the  name  "in- 
stitutional biohazards  committee”  is 
proposed  to  be  changed  to  "institu- 
tional biosafety  committee.” 

Several  generic  comments  deserve  to 
be  highlighted,  as  they  represent  sig- 
nificantly increased  authority  to  be 
delegated  to  the  institution.  In  1976 
the  RAC  did  not  accept  commentators' 
suggestions  to  require  local  commit- 
tees to  make  an  independent  evalua- 
tion of  the  containment  levels  re- 
quired by  the  Guidelines  for  individual 
research  projects.  It  was  therefore 
stated  in  the  1976  Decision  that  NIH 
would  not  require  local  institutions  to 
have  their  committees  perform  this 
function,  although  they  would  not  be 
prohibited  from  doing  so.  Commenta- 
tors have  now  noted  that  an  IBC,  in 
order  to  to  accomplish  its  mandated 
responsibilities  under  the  1976  Guide- 
lines, including  the  review  and  approv- 
al of  recombinant  DNA  research  pro- 
jects, must  implicitly  determine  con- 
tainment conditions.  In  order  to  clari- 
fy the  committee’s  role,  the  assess- 
ment of  appropriate  containment 
levels  is  now  made  an  explicit  respon- 
sibility of  the  IBC. 

In  addition,  institutions  through 
their  biosafety  committees  would  be 
given  increased  responsibility  for  pri- 
mary overview  of  this  research,  as 
they  have  been  delegated  the  authori- 
ty to  approve  or  disapprove  proposed 
recombinant  DNA  projects.  NIH, 
through  ORDA,  will  conduct  a review 
of  institutions’  actions,  upon  registra- 
tion of  the  projects,  to  ensure  compli- 
ance with  the  NIH  Guidelines,  thereby 
maintaining  a national  standard.  This 
action  has  been  in  response  to  several 
comments  calling  for  increased  local 
responsibility  and  a simpler  adminis- 
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trative  process  in  regard  to  gaining  ap- 
proval for  research  to  proceed. 

In  view  of  the  unreliability  of  Feder- 
al surveillance  to  enforce  these  stand- 
ards. it  is  essential  to  increase  the  au- 
thority and  responsibility  of  the  local 
institution.  It  was  requested  that  the 
IBC's  have  a role  if  legislation  in  this 
area  is  adopted.  This  concept  is  en- 
dorsed by  the  House  Committee  on  In- 
terstate and  Foreign  Commerce  in  Its 
Bill  Report  of  March  24.  1978.  on  the 
Recombinant  DNA  Act: 

It  Is  the  view  of  the  committee  that  the 
appropriate  portions  of  the  administrative 
requirements  of  section  IV  of  the  NIH 
Guidelines  are  a reasonable  model  upon 
which  the  Secretary  could  base  administra- 
tive regulations.  In  particular,  the  current 
practice  In  the  NIH  Guidelines  of  delegating 
to  local  biohazards  committees  most  of  the 
responsibility  for  the  Inspection  of  facilities 
and  the  approval  of  the  specific  safety  re- 
quirements appropriate  to  each  project  or 
activity  la  an  effective  and  relatively  Inex- 
pensive administrative  mechanism. 

A number  of  recommendations  were 
received  regarding  the  membership  of 
IBCs.  In  1978.  suggestions  were  made 
for  broadening  IBC  representation  to 
cover  not  only  various  disciplines  re- 
lated to  recombinant  DNA  technology, 
safety,  and  engineering,  but  also  to  In- 
clude members  Itnowiedgeable  in  ap- 
plicable laws  and  regulations,  stand- 
ards of  practice,  community  attitudes, 
and  health  and  environmental  consid- 
erations. These  diverse  points  of  view 
were  either  to  be  Included  or  made 
available  to  the  committees.  The  lan- 
guage in  the  PRC- RAC  calls  for  a di- 
versity of  membership,  but  would  not 
mandate  public  members.  In  response 
to  several  requests,  and  in  view  of  in- 
creased responsibility  at  the  local 
level,  a provision  is  included  in  the 
PRG-NIH  that  "no  IBC  may  consist 
entirely  of  persons  who  are  officers, 
employees,  or  agents  of.  or  are  other- 
wise associated  with  the  institution, 
apart  from  their  membership  on  the 
IBC. 

A number  of  other  recommendations 
were  received  from  public  commenta- 
tors relating  to  more  specific  Issues 
concerning  the  various  responsibilities 
of  the  institution  and  its  constituents. 
These  recommendations  and  the  PRG- 
NIH  decision  are  considered  below 
under  the  appropriate  headings. 

Institution.  A number  of  points  were 
raised  by  commentators  concerning 
health  monitoring  by  Institutions. 
NIH  was  requested  to  develop  a model 
for  Institutional  medical  surveillance 
for  recombinant  DNA  research  work- 
ers. An  NIH  committee  is  reviewing 
this  area  and  has  made  recommenda- 
tions as  to  what  such  a program  might 
include.  This  proposal,  which  calls  for 
monitoring  illnesses,  collecting  serum 
samples,  and  keeping  a register  of 
agents  handled,  is  responsive  to  sever- 
al suggestions  received  on  this  issue. 


and  has  therefore  been  adopted  in  the 
PRG-NIH.  Additionally,  Appendix  D 
will  include  more  detailed  information 
on  medical  surveillance. 

A collaborative  effort  has  been  initi- 
ated between  NIH  and  the  Center  for 
Disease  Control  (CDC)  to  establish  a 
mechanism  for  providing  advice,  con- 
sultation and.  if  necessary,  assistance 
regarding  major  accidents  in  laborato- 
ries conducting  recombinant  DNA  re- 
search. It  was  not  considered  neces- 
sary to  have  a standing  "strike  force" 
as  suggested  by  one  commentator,  but 
in  the  event  of  an  emergency,  a team 
of  experts  from  NIH  and  CDC  could 
be  formed  to  respond. 

The  issue  of  medical  monitoring  is 
one  of  considerable  interest  to  NIH. 
This  is  a general  problem  not  unique 
to  DNA  research.  As  one  commentator 
noted,  a routine  health  monitoring 
and  reporting  program  might  well  be 
instituted  Iz?  personnel  engaged  in 
areas  of  research  besides  recombinant 
DNA.  such  as  tumor  viruses  and 
pathogenic  organisms.  The  state-of- 
the-art,  however,  is  primitive  in  terms 
of  what  can  be  done  to  monitor  work- 
ers’ health,  and  particularly  tn  the 
area  of  recombinant  DNA  research, 
where  there  is  no  known  hazard. 

Grievance  procedures  for  workers 
under  the  Guidelines  were  requested, 
but  this  Is  not  considered  necessary,  as 
the  rules  and  regulations  of  the  Occu- 
pational Safety  and  Health  Act 
(OSHA)  already  provide  such  a mech- 
anism. OSHA  standards  and  proce- 
dures apply  to  most  institutions,  so  it 
is  not  considered  necessary  to  require 
in  the  Guidelines  that  IBCs  ensure 
OSHA  compliance.  Further,  the  Fed- 
eral Interagency  Committee  on  Re- 
combinant DNA  Research  includes  the 
Occupational  Safety  and  Health  Ad- 
ministration (Department  of  Labor >. 
assuring  cooperation  at  the  Federal 
level. 

Institutional  Biosafety  Committee. 
Several  commentators  requested  more 
detail  on  IBC  duties.  This  has  been  ac- 
complished in  "Laboratory  Safety 
Monograph— A Supplement  to  the 
NIH  Guidelines  for  Recombinant  DNA 
Research.”  For  example,  information 
is  included  there  on  facility  certifica- 
tion. periodic  Inspections,  and  moni- 
toring. 

It  was  suggested  that  biosafety  com- 
mittee meetings  be  open  to  the  public. 
The  Guidelines  currently  require  only 
that  the  minutes  by  publicly  available. 
In  view  of  possible  discussion  of  pro- 
prietary information  and  patent 
rights,  meetings  cannot  always  be 
open.  Local  committees,  however, 
should  consider  having  open  meetings 
when  possible. 

The  question  was  raised  concerning 
conflict  of  interest  of  local  committee 
members.  Addressing  this  Important 
point,  a provision  In  the  PRG-NIH 


prohibits  an  individual  from  being  in- 
volved in  the  review  of  ? recombinant 
DNA  project  in  which  he  or  she  was 
engaged  or  had  a direct  financial  in- 
terest. 

Biological  Safety  Officer.  Since  the 
passage  of  OSHA,  most  institutions 
have  established  occupational  safety 
and  health  departments  with  safety 
officers.  There  are  no  standard  certifi- 
cation procedures  for  such  individuals, 
although  their  qualifications,  in  many 
cases,  could  be  commensurate  with 
those  of  a biological  safety  officer. 
The  Laboratory  Safety  Monograph 
provides  in  detail  the  kinds  of  qualifi- 
cations biosafety  officers  should  have. 
NIH  is  developing  a training  course  for 
biological  safety  officers  and  other 
campus  safety  personnel.  Requests  for 
information  should  be  directed  to  Dr. 
Emmett  Barkley.  Office  of  Research 
Safety,  National  Cancer  Institute. 
NIH. 

Princial  Investigator.  Commentators 
remain  concerned  about  the  quality 
and  uniformity  of  safety  training.  NIH 
is  responding  to  this  by  placing  as  a 
high  priority  the  development  of 
training  standards  and  courses.  Cur- 
rently. NIH  is  supporting  a Working 
Panel  of  the  American  Society  for  Mi- 
crobiology (ASM)  that  is  considering 
standards  of  training  in  micro-  biologi- 
cal techniques  for  recombi-  nant  DNA 
research.  When  a report  is  submitted 
to  NIH.  it  will  be  shared  with  institu- 
tions. IBC's.  and  principal  investiga- 
tors for  their  use.  National  certifica- 
tion. however,  should  not  be  attempt- 
ed until  the  ASM-NIH  criteria  for 
training  have  been  adopted  and  evalu- 
ated. 

It  should  be  noted  that,  aside  from 
the  Nuclear  Regulatory  Commission's 
standards  for  training  in  radioisotope 
work,  there  seem  to  be  no  other  train- 
ing criteria  at  present  in  biomedical  re- 
search. Thus,  the  work  of  the  ASM 
Panel  will  establish  a precedent.  For 
these  reasons  NIH  should  proceed 
carefully  and  in  stages  while  promot- 
ing safety  training  for  researchers. 
NIH  will  develop  training  courses 
based  on  these  standards  and  will 
make  them  widely  available. 

NIH  responsibilities 

As  in  the  public  hearing  on  the 
Guidelines  as  proposed  in  1976.  many 
commentators  again  urge  openness, 
candor,  and  public  participation  in  the 
revision  process,  emphasizing  shared 
responsibility  and  accountability  from 
the  local  to  the  national  level. 

Due-Process  Considerations.  A focus 
of  public  comment  at  the  December 
1977  hearing  was  on  "procedural  due 
process”  to  ensure  public  participation 
in  the  development  of  NIH  recombin- 
ant DNA  policies.  Much  of  the  public 
testimony  and  comment  in  letters  fo- 
cused on  public  representation  on 
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committees,  nou  stressed  was  the 
need  for  public  notice  of  all  meetings, 
and  for  procedures  to  ensure  public 
participation  In  the  exercise  of  respon- 
sibilities by  the  NIH  Re-  comblnant 
Advisory  Committee  (RAC),  the  Office 
of  the  NIH  Director,  and  the  Advisory 
Committee  to  the  Director  (DAC). 

Several  commentators  specifically 
urged  that  the  Guidelines  spell  out 
procedures-  - 

• To  develop  and  promulgate  the 
list  of  “non-novel  experiments”  and  to 
amend  the  list; 

• To  certify  host-vector  systems; 

• To  permit  the  Director,  on  the 
advice  of  the  RAC,  to  grant  exceptions 
from  prohibited  experiments  (as  for 
risk-assessment  studies),  and 

• To  modify  the  Guidelines  In  the 
future. 

There  were  also  suggestions  that 
guidance  be  given  on  how  to  deal  with 
infractions  of  the  guidelines.  Specifi- 
cally, one  commentator  suggested  that 
procedures  should  outline  in  detail  - 

•Bow  charges  of  noncompliance 
could  be  brought, 

•How  charges  of  noncompliance 
would  be  evaluated, 

•What  opportunities  would  be  pro- 
vided for  the  principal  investigator 
and  his  Institution  to  defend  them- 
selves against  charges,  and 

•What  procedures  would  be  availa- 
ble before  the  termination  of  funding 
or  other  penalties  are  invoked. 

Because  of  the  RAC’s  key  role  in  the 
development  and  monitoring  of  NIH 
recombinant  I)NA  policies,  a number 
of  comments  were  directed  to  the  com- 
mittee’s nature  and  functions.  Many 
commentators  focused  on  its  member- 
ship, urging  that  the  guidelines  define 
procedures  for  the  nomination  and  se- 
lection of  members.  Suggestions  for 
potential  membership  included  more 
representation  for  certain  scientific 
disciplines,  such  as  virology  and  micro- 
biology; greater  representation  from 
the  occupational  and  environmental 
health  and  safety  community;  and 
more  public  representation,  including 
perhaps  a “dissenter”  from  current 
NIH  policies. 

A number  of  comments  concerned 
RAC  operations.  The  committee  was 
urged  to  formalize  schedules  so  that 
all  concerned  would  know  when  meet- 
ings would  be  held  over  the  next  2 to  3 
years.  Further,  it  was  urged  that  no- 
tices and  complete  agendas  be  placed 
in  the  Federal  Register  for  each 
meeting,  that  all  documents  for  com- 
mittee consideration  be  made  available 
to  the  public,  and  that  the  NIH  pay 
for  public  witnesses  to  attend  RAC 
meetings. 

In  response  to  these  comments,  part 
IV  of  the  PRO  NIH  has  been  reorga- 
nized extensively.  The  responsibilities 
from  the  local  to  the  national  level  are 


more  clearly  stated  and  defined.  For 
NIH  responsibilities,  procedures  sug- 
gested by  commentators  have  been 
specified  to  afford  opportunity  for 
public  comment.  A special  appendix  to 
the  PRG  NIH  includes  relevant  imple- 
mentation documents  from  ORDA 
that  explain  the  administration  of  the 
NIH  guidelines  at  the  local  and  na- 
tional levels. 

Part  IV  of  the  PRO  NIH  has  more 
clearly  defined  a structure  for  respon- 
sibilities at  those  levels,  with  opportu- 
nity for  public  and  scientific  participa- 
tion. It  formalizes  a process  that  has 
been  occurring  informally.  Flexibility, 
however,  remains  essential  to  avoid 
unnecesary  and  protracted  delays  in 
decisionmaking.  Clearly,  a full  pano- 
ply of  clearance  procedures,  including 
a public  hearing,  is  not  essential  for 
most  of  the  functions  under  the  guide- 
lines. For  many  functions,  the  need 
for  public  review  can  be  met  through 
publication  in  the  Federal  Register. 
For  certain  responsibilities,  comment 
may  be  solicited.  Because  procedures 
by  which  policies  will  be  developed  at 
the  national  and  local  levels  are  of  key 
importance,  notice  is  required  for 
major  policy  Initiatives. 

Application  to  (he  Private  Sector. 
Several  commentators  spoke  on  the 
application  of  the  NIH  guidelines  to 
the  private  sector.  Specifically,  NIH 
was  urged  to  provide  voluntarily  to 
private  industry  - 

•Advice  on  interpretation  of  the 
guidelines, 

•Registration  of  projects, 

•<  'ertif ication  of  host-vector  sys- 
tems, 

•Advice  on  the  operation  of  institu- 
tional biosafety  committees,  and 

•Protection  for  patent  and  propri- 
etary information. 

In  June  1976  representatives  of  pri- 
vate Industry  were  invited  to  NIH  to 
be  briefed  on  the  guidelines  about  to 
be  released.  Since  their  release,  NIH 
has  held  several  other  meetings  with 
representatives  from  the  private 
sector.  Commerce  Department  repre- 
sentatives on  the  Interagency  commit- 
tee played  a leading  role  In  working 
with  private  industry  on  adoption  of 
the  safety  standards  of  the  NIH  guide- 
lines. All  relevant  Industries  have 
agreed  to  abide  by  those  standards. 
However,  many  of  the  services  pro- 
vided to  NIH  grantees  and  contractors 
have  not  been  extended  to  the  private 
sector.  In  large  part,  efforts  to  do  so 
have  been  held  in  abeyance  because  of 
possible  Federal  legislation. 

After  carefully  considering  the  com- 
ments at  the  public  hearing  and  in  let- 
ters received,  NIH  will  extend  certain 
added  services  to  the  private  sector  in 
several  of  the  areas  suggested  by  the 
commentators.  It  Is  still  Important,  de- 
spite proposed  legislation,  that  the 


NIH  provide  for  mechanisms  to  allow 
private-sector  participation.  Further, 
if  legislation  is  enacted,  the  NIH 
guidelines  will  serve  as  the  basis  for 
regulation  that  will  encompass  private 
industry.  Thus,  a new  section  has  been 
added  to  part  IV  that  provides  the  op- 
portunity for  industry’s  participation 
in  a voluntary  fashion. 

Office  of  the  Director.  As  suggested 
by  the  commentators,  the  responsibil- 
ities of  the  Director  have  been 
grouped,  for  purposes  of  clarity,  under 
specific  heading  "Office  of  the  Direc- 
tor, NIH"  in  the  PRG  NIH.  For  many 
of  the  responsibilities  cited-  including 
revision  of  the  guidelines,  certification 
of  host  vector  systems,  and  authority 
for  exemptions  and  exceptions-  -appro- 
priate notice  and  opportunity  for 
public  comment  is  specified.  This  op- 
portunity for  comment  will  provide 
structure  for  the  exercise  of  discretion 
by  the  Director. 

The  PRG  RAC  clarified  the  rele- 
vant responsibilities  of  the  NIH  Direc- 
tor and  RAC  with  regard  to  the  certifi- 
cation of  host-vector  systems.  Those 
concepts  are  adopted  in  the  PRG— 
NIH. 

Recombinant  Advisory  Committee. 
Many  commentators  have  made  sug- 
gestions concerning  the  structure, 
function,  and  scope  of  responsibility  of 
the  RAC.  The  emphasis  in  RAC  mem- 
bership has  been  on  ensuring  relevant 
scientific  representation.  It  is  essential 
that  the  committee  have  the  technical 
expertise  necessary  to  develop,  modify, 
and  interpret  the  guidelines  in  light  of 
scientific  evidence.  Representative 
have  been  added  from  scientific  disci- 
plines, such  as  botany,  to  ensure  a 
broad  scientific  overview.  As  a bridge 
between  the  implications  for  science 
and  public  policy,  public  members  now 
serve  on  the  committee,  and  additional 
public  members  may  be  added.  Cur- 
rent public  members  are  Dr.  Emmette 
S.  Redford,  Ashbel  Smith,  professor  of 
government  and  public  affairs  at  the 
Lyndon  B.  Johnson  School  of  Public 
Affairs,  University  of  Texas,  at  Austin, 
and  Dr.  LeRoy  Walters,  director  for 
the  Center  of  Bioethics,  Kennedy  In- 
stitute, Georgetown  University. 

In  order  to  insure  fairness  and  sensi- 
tivity to  the  public  commentators,  pro- 
cedures for  nomination  to  the  RAC 
will  be  in  accord  with  the  report  by 
the  NIH  Grants  Peer  Review  Study 
Committee.  Thus,  NIH  will  publish  an 
announcement  of  upcoming  vacancies 
periodically,  with  instructions  on  how 
to  submit  nominations.  By  this  means, 
a wide  spectrum  of  nominations  will 
be  considered  to  assure  appropriate 
representation  suited  to  the  RAC’s 
needs. 

In  brief,  the  operations  of  the  RAC 
have  been  more  clearly  detailed  in  the 
PRG  NIH.  The  procedures  for  the  se- 
lection of  members  and  the  operations 
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of  the  committee  are  in  the  process  of 
being  formalized  for  the  benefit  of  the 
scientific  community  and  the  public. 

NIH  Components.  A new  section  in 
the  PRG-NIH  now  describes  all  other 
functions  of  NIH.  including  the  re- 
sponsibilities of  the  Office  of  Recom- 
binant DNA  Activities  <ORDA).  It 
should  be  noted  that  the  responsibility 
of  the  peer  review  groups  (study  sec- 
tions) for  an  independent  assessment 
of  the  recombinant  DNA  research  pro- 
tocols has  been  eliminated.  This  re- 
sponsibility would  be  solely  ORDA's  in 
conjunction  with  the  local  institution- 
al biosafety  committee. 

Several  commentators  urged  new  re- 
sponsibilities for  ORDA  and  additional 
personnel  to  fulfill  them.  Some  recom- 
mended that  the  Office  be  responsible 
for  inspecting  and  certifying  laborato- 
ries at  the  P3  level.  Currently  NIH  has 
the  responsibility  for  certifying  only 
P4  facilities.  At  present  NIH  operates, 
at  the  Frederick  Cancer  Research 
Center  in  Frederick.  Md..  and  at  NIH 
in  Bethesda  the  only  P4  facilities  in 
this  country.  Responsibilities  for  certi- 
fication falls  to  NIH  because  of  the 
special  nature  of  P4  faciliiies.  P3  fa- 
cilities. on  the  other  hand,  do  not  re- 
quire special  expertise  at  the  national 
level,  and  there  is  no  need  for  them  to 
be  nationally  certified.  As  specified, 
the  local  institution  has  and  should 
have  responsibility  for  monitoring  and 
certifying  PI.  P2.  and  P3  facilities. 

Several  commentators  urged  an  in- 
creased flow  of  information  to  the 
public  and  scientific  community  alike. 
ORDA  is  playing  a key  role  in  dissemi- 
nating information  through  the  Re- 
combinant DNA  Technical  Bulletin. 
This  is  a new  publication  that  at- 
tempts to  link  investigators  involved  in 
recombinant  DNA  research,  both  in 
the  United  States  and  abroad,  with 
the  active  advisory  groups  and  organi- 
zations. In  light  of  comments  received, 
the  bulletin  will  include  in  the  future 
far  more  information  for  institutional 
biosafety  committees  and  for  the  sev- 
eral advisory  groups  at  the  national 
and  social  levels. 

In  response  to  another  suggestion, 
ORDA  will  be  as  available  as  possible 
to  State  and  local  governments  for 
technical  advice.  Currently  ORDA 
serves  as  a clearinghouse  for  informa- 
tion related  to  recombinant  DNA  ac- 
tivities internationally,  nationally,  and 
locally. 

Registration  and  compliance 

It  has  become  clear  over  the  2 years 
of  administration  of  the  guidelines 
that  a new  section  must  be  added  on 
general  requirements  for  registration 
with  NIH.  This  should  apply  not  only 
to  NIH  grantees  and  contractors,  but 
also  to  the  private  sector  on  a volun- 
tary basis.  Further.  In  light  of  the 
review  of  DHEW  policies  on  the  pat- 


enting of  recombinant  DNA  research 
inventions,  a section  on  disclosure  of 
information  is  also  necessary.  Finally, 
as  suggested,  a section  on  compliance 
with  the  guidelines  is  needed.  Thus 
new  sections  C and  D on  registration 
(including  disclosure  of  information) 
and  compliance  have  been  added  to 
the  roles  and  responsibilities  section  of 
the  PRG  NIH.  These  provisions,  rec- 
ommended in  many  comments  on  the 
guidelines  and  at  the  December  public 
hearing,  are  necessary  in  the  absence 
of  legislation. 

Registration.  A number  of  commen- 
tators asked  that  the  guidelines  speci- 
fy the  requirements  for  registration. 
Accordingly,  a newr  subsection  has 
been  added  delineating  the  elements. 
If  other  requirements  need  be  added, 
notice  will  be  given  of  any  change.  All 
projects  subject  to  the  guidelines  must 
be  registered  with  ORDA.  Voluntary 
registration  for  the  private  sector  is 
provided  in  the  revision,  in  response  to 
suggestions  by  private-sector  represen- 
tatives. 

Disclosure.  Many  comments,  as  pre- 
viously noted,  were  directed  to  the 
protection  of  proprietary  information. 
A new  subsection  outlining  the  ele- 
ments for  protection  of  proprietary 
data  is  Included  in  response  to  these 
suggestions. 

One  commentator  urged  that  no  pat- 
ents be  granted  for  recombinant  DNA 
research. 

Shortly  after  the  release  of  the 
Guidelines  in  1976.  NIH  received  a 
letter  requesting  a review  of  DHEW 
policies  relating  to  the  patenting  of  re- 
combinant DNA  research  Inventions. 
The  letter  prompted  NIH  to  revtew 
current  patent  regulations  governing 
institutional  patent  agreements  and  to 
consider  how  recombinant  DNA  re- 
search inventions  should  be  handled 
under  those  terms.  On  the  basis  of  ex- 
tensive Department  and  Interagency 
Committee  review.  It  was  agreed  that, 
at  least  for  the  present,  recombinant 
DNA  research  inventions  developed 
under  DHEW,  NIH  support  should 
continue  to  be  administered  within 
current  HEW  patent  agreements. 
Each  agreement,  however,  would  re- 
quire assurance  of  compliance  with 
the  physical  and  biological  contain- 
ment standards  set  forth  in  the  Guide- 
lines as  a condition  for  the  granting  of 
a license. 

Policy  on  Noncompliance.  A com- 
mentator urged  that  a system  of  fines 
be  spelled  out.  Monetary  fines,  more 
appropriate  for  regulations  under  leg- 
islation. will  not  be  specified  or  as- 
sessed under  the  Guidelines;  NIH  has 
no  current  authority  to  impose  fines. 
It  will,  however,  suspend,  limit,  or  ter- 
minate a grant  or  contract  for  non- 
compliance.  A commentator  recom- 
mended that  penalty  procedures  be 
specified.  Should  it  be  necessary  to 


suspend,  limit,  or  terminate  a grant, 
appropriate  HEW  procedures  will  be 
followed. 

In  summary.  Part  IV  of  the  Guide- 
lines on  Roles  and  Responsibilities  has 
been  substantially  revised  in  response 
to  suggestions  from  many  commenta- 
tors. The  PRG  NIH  now  provides  even 
more  opportunity  for  advice  from  the 
local  to  the  national  level.  The  spirit 
of  cooperation  and  effective  overview- 
will  be  enhanced  by  the  PRG-NIH  at 
the  local  level  between  the  research 
community  and  the  public  and  at  the 
national  level  among  Federal  agencies, 
the  scientific  community,  and  the  pri- 
vate sectors. 

Proposed  Action.  Environmental  Impact 
Assessment 

The  recommendations  of  the  Recom- 
binant Advisory  Committee  have  been 
carefully  weighed,  along  with  other 
public  and  scientific  comments  re- 
ceived on  the  Roles  and  Responsibil- 
ities section.  In  general,  the  PRG- 
RAC  proposals  have  been  adopted  in 
the  PRG  NIH.  with  certain  modifica- 
tions based  on  issues  raised  by  the  Di- 
rector's Advisory  Committee  and  other 
commentators.  The  issues  considered 
by  the  Director  and  a discussion  of 
them  follow. 

The  Draft  EIS  on  the  original 
Guidelines  published  in  1976  elicited  a 
number  of  recommendations  that 
greater  detail  be  provided  on  NIH  im- 
plementation of  the  Guidelines  for 
NIH  grantees  and  contractors.  They 
also  recommended  extending  the 
Guideline  standards  to  ail  public  and 
private  sectors  where  such  research  is 
being  conducted.  More  specifically, 
commentators  expressed  the  following 
concerns. 

•That  the  membership  of  institu- 
tional biohazards  committees  (IBCs) 
should  include  specialists  in  popula- 
tion dynamics,  ecology,  and  other  dis- 
ciplines; 

•That  the  Draft  EIS  did  not  empha- 
size relevant  safety  training  for  labo- 
ratory personnel; 

•That  the  NIH  Guidelines  had  a far 
too  limited  scope,  not  reaching  re- 
search in  the  non-Federal  sectors; 

•That  the  termination  of  NIH  funds 
for  violation  of  the  Guidelines  may 
not  be  the  best  sanction; 

•That  the  Inspection,  certification, 
and  surveillance  processes  might  not 
insure  compliance; 

•That  more  attention  should  be 
given  to  medical  surveillance  and  epi- 
demiologic measures  in  the  event  of 
possible  Infection  of  the  laboratory 
worker  or  contamination  of  the  envi- 
ronment; and 

•That  local  and  State  authorities  be 
involved  in  the  review  and  contain- 
ment processes  at  the  local  level. 

These  comments  were  specifically 
addressed  in  the  Final  EIS.  It  was 
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noted  that  the  Guidelines  established 
an  administrative  framework  for  as- 
signing responsibility  to  insure  safety 
in  NIH-supported  recombinant  DNA 
research— a responsibility  shared 

among  principal  investigators,  their  in- 
stitutions, and  NIH.  The  institutions 
were  required  to  establish  biohazards 
committees  to  carry  out  institutional 
responsibilities. 

As  discussed  in  the  Final  EIS,  there 
were  several  factors  contributing  to 
the  expectation  that  NIH  grantees, 
contractors,  and  intramural  scientists 
would  comply  with  the  Guidelines. 
They  included  the  fact  that  noncom- 
pliance could  result  in  the  termination 
of  funding;  that  investigators  and 
their  institutions  share  responsibilities 
for  compliance;  and  that  peer  pressure 
on  investigators  for  compliance  would 
be  accomplished  through  responsible 
institutional  officers,  local  biohazards 
committees,  and  NIH  review. 

The  Final  EIS  also  discussed,  in  re- 
sponse to  commentators,  general  Fed- 
eral regulations  of  all  such  research  to 
insure  that  work  beyond  the  aegis  of 
NIH  would  be  done  under  the  safety 
standards  of  the  Guidelines.  A Federal 
Interagency  Committee,  chartered  by 
the  Secretary  of  HEW  with  the  ap- 
proval of  the  President,  was  convened 
under  the  chairmanship  of  Dr.  Donald 
S.  Fredrickson,  Director,  NIH.  In 
March  1977  that  committee  with  rep- 
resentatives of  all  relevant  research 
and  regulatory  agencies  recommended 
to  the  Secretary  of  HEW  that  legisla- 
tion be  enacted  to  regulate  all  recom- 
binant DNA  research.  HEW  Secretary 
Califano  had  legislation  developed  in 
light  of  the  committee’s  recommenda- 
tions.. An  administration  bill  drafted 
by  the  Department  was  introduced  in 
the  Senate  by  Senator  Edward  M. 
Kennedy,  Chairman  of  the  Subcom- 
mittee on  Health  and  Scientific  Re- 
search of  the  Senate  Committee  on 
Human  Resources,  and  in  the  House 
by  Representatives  Paul  C.  Rogers, 
Chairman  of  the  Subcommittee  on 
Health  and  the  Environment  of  the 
Interstate  and  Foreign  Commerce 
Committee.  Congressional  hearings 
were  held,  and  respective  committee 
bills  were  drafted,  but  not  acted  upon 
by  Congress  in  its  first  session.  New 
committee  bills  are  pending  congres- 
sional action. 

The  PRG-NIH,  Parts  I through  III, 
reflect  in  large  measure  the  safety  of 
many  of  the  experiments  that  would 
be  exempt  from  the  Guidelines  or  al- 
lowed at  lower  containment  condi- 
tions. These  changes  are  now  proposed 
following  an  assessment  that  there 
would  be  no  significant  impact  on  the 
environment  from  the  proposed  revi- 
sions. The  changes  in  Part  IV  largely 
reflect  the  concerns  of  the  environ- 
mental commentators  for  greater  em- 
phasis on  training  in  occupational  and 


environmental  safety  and  on  explicit 
penalties  for  noncompliance.  In  addi- 
tion, measures  are  provided  that 
would  allow  private-sector  engagement 
with  the  NIH,  including  registration  of 
recombinant  DNA  activities. 

To  address  occupational  and  envi- 
ronmental health  and  safety  concerns, 
several  changes  are  proposed  in  the 
implementation,  review,  and  monitor- 
ing of  recombinant  DNA  activities  at 
the  local  and  national  levels,  to  insure 
appropriate  safety  practices  and  proce- 
dures that  would  minimize  any  signifi- 
cant environmental  impact.  These 
modifications  primarily  focus  on  a re- 
structuring and  amplification  of  Part 
IV,  “Roles  and  Responsibilities,”  and 
an  important  and  significantly  ex- 
panded delegation  of  authority  to 
local  institutions. 

These  major  changes  from  the  1976 
Guidelines,  which  extend  beyond  the 
PRG-RAC,  have  resulted  from  a care- 
ful consideration  of  many  comments 
received.  The  foremost  concern  during 
this  process  was  to  insure  occupational 
and  environmental  safety,  while  at  the 
same  time  refining  the  interdependent 
roles  necessary  to  achieve  this  goal. 
Also,  it  was  desirable  to  try  to  simplify 
and  clarify  administration  of  the 
Guidelines,  as  suggested  by  several 
commentators,  thereby  promoting  a 
more  successful  application  of  their 
safety  features.  The  revisions  that 
have  been  proposed  for  Part  IV  repre- 
sent a further  step  toward  insuring 
the  safe  conduct  of  this  research  and 
minimizing  the  possibility  of  any  unto- 
ward environmental  effects. 

In  response  to  several  requests  for 
expanding  the  applicability  of  the 
guidelines,  institutions  receiving  NIH 
funds  for  recombinant  DNA  projects 
and  their  “biosafety  committees”  (the 
propo'sed  new  designation  for  bioha- 
zards committees)  are  given  responsi- 
bility for  reviewing  all  recombinant 
DNA  work  conducted  at  the  institu- 
tion regardless  of  source  of  funds.  This 
increase  in  the  scope  of  review  will 
better  insure  the  safe  conduct  of  re- 
combinant DNA  research. 

Further,  biosafety  committees 
(IBCs)  have  been  given  broader  re- 
sponsibilities. The  PRG-RAC  pro- 
posed to  allow  the  IBC’s  to  approve 
single-step  reductions  in  containment 
levels  in  experiments  with  purified 
DNA  or  characterized  clones.  This  is 
retained  in  the  PRG-NIH.  In  response 
to  other  comments,  however,  it  is 
deemed  necessary  to  specify  IBC  re- 
sponsibilities for  determining  contain- 
ment levels  required  by  the  guidelines. 
The  PRG-NIH  requires  the  IBC’s  to 
make  independent  evaluations  of 
these  containment  levels.  This  should 
strengthen  safety  considerations  local- 
ly. 

It  was  also  suggested  that  NIH  dele- 
gate to  biosafety  committees  the  re- 


sponsibility for  approving  or  disap- 
proving, on  behalf  of  the  institution, 
proposed  recombinant  DNA  research, 
based  on  their  independent  assessment 
of  the  safety  standards  applied,  and 
that  IBC  approval  be  sufficient  for  the 
research  to  proceed.  NIH,  through 
ORDA,  would  review  all  local  commit- 
tee actions  to  insure  compliance  with 
the  guidelines,  thereby  maintaining 
national  standards.  This  proposal  has 
a number  of  advantages.  It  would  sim- 
plify previous  approval  procedures  and 
minimize  delays  due  to  NIH  adminis- 
tration. Accountability  for  safe  con- 
duct of  the  research  would  reside  at 
the  local  level,  with  appropriate  Fed- 
eral overview. 

It  is  believed  that  incorporation  of 
these  recommendations  for  increased 
local  authority  would  enhance  imple- 
mentation of  the  guidelines,  since  im- 
portant responsibilities  are  clarified 
and  more  suitably  located. 

As  mentioned  earlier,  another  major 
change  includes  the  restructuring  and 
amplification  of  Part  IV  of  the  guide- 
lines. Publication  of  the  Director’s  de- 
cision on  the  1976  guidelines,  the  draft 
EIS,  and  the  PRG-RAC  elicited  nu- 
merous comments  calling  for  more  dis- 
cussion and  information  on  implemen- 
tation, particularly  for  further  clarifi- 
cation of  responsibilities  and  roles  at 
the  local  level.  Accordingly,  the  con- 
tents of  Part  IV  are  presented  in  a 
format  different  from  the  current 
guidelines  and  the  PRG-RAC,  with 
the  intent  of  more  clearly  alining  the 
various  duties. 

At  the  request  of  several  commenta- 
tors, Appendix  D,  dropped  from  the 
PRG-RAC,  has  been  revised  and  up- 
dated as  "Laboratory  Safety  Mono- 
graph—A Supplement  to  the  NIH 
Guidelines  for  Recombinant  DNA  Re- 
search.” It  provides  a compendium  of 
useful  safety  information,  including 
instructions  on  emergency  procedures, 
laboratory  techniques  for  biohazard 
control,  and  decontamination  and  dis- 
posal methods.  Expanded  to  include 
complementary  information  on  roles 
and  responsibilities,  it  provides  direc- 
tions for  the  operation  of  a biosafety 
committee,  suggestions  to  increase  the 
biological  safety  officer’s  efficiency, 
and  more  detail  on  the  elements  of  a 
medical  surveillance  program.  Criteria 
for  certifying  biological  safety  cabi- 
nets illustrate  the  level  of  detail.  It  is 
believed  that  the  PRG-NIH,  strength- 
ened by  these  additions,  provide  a 
higher  measure  of  protection  for  re- 
searchers, the  public,  and  the  environ- 
ment. 

Considerable  attention  has  been  fo- 
cused on  the  institutional  biosafety 
committees.  Commentators  have 
raised  questions  concerning  the  com- 
mittees’ role,  membership,  and  oper- 
ation. Consideration  of  various  sugges- 
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tions  has  resulted  In  changes  in  the 
IBC  membership  requirements. 

Noninstitutional  representation  is 
now  proposed  on  biosafety  commit- 
tees, going  beyond  the  PRG-RAC. 

The  role  and  responsibilities  of  the 
local  biosafety  committees  have  been 
restated  and  refined  in  response  to  nu- 
merous comments.  They  are  also 
strengthened  by  the  required  member- 
ship of  the  biosafety  officer.  The 
PRG-RAC  proposed  the  designation 
of  a biological  safety  officer  for  each 
Institution  where  P3-  and  P4-level  re- 
combinant DNA  research  was  conduct- 
ed, reflecting  the  practice  of  a growing 
number  of  American  Institutions  and 
the  recommendations  of  the  British 
"Williams  Committee  Report."  The  re- 
quirement is  intended  to  insure  that  a 
clearly  designated  Individual  will  have 
the  primary  administrative  responsi- 
bility for  the  Implementation  of  insti- 
tutional policies  and  biosafety  commit- 
tee decisions. 

A related  issue  which  drew  several 
comments  and  recommendations  con- 
cerned medical  surveillance,  or  health 
monitoring.  Responsibility  for  deter- 
mining medical  surveillance  proce- 
dures for  research  personnel  was 
transferred  from  the  principal  Investi- 
gator to  the  Institution,  because  the 
RAC  felt  that  institutions  would  have 
access  to  a broader  range  of  expertise. 

Specific  Information  on  medical  con- 
ditions was  moved  to  the  laboratory 
safety  monograph,  which  includes  ad- 
dltinal  recommendations  on  health 
monitoring  and  program  content.  Gen- 
eral language  describing  the  elements 
of  a medical  surveillance  program  was 
retained  in  Part  IV  as  part  of  the  insti- 
tution's responsibility. 

The  addition  of  information  and  the 
further  emphasis  on  health  monitor- 
ing should  enhance  occupational 
health  and  safety  at  the  local  level.  It 
should  be  noted  that  a collaborative 
effort  is  underway  between  NIH  and 
the  Center  for  Disease  Control  to  es- 
tablish a mechanism  for  providing 
emergency  teams  of  experts  to  re- 
spond to  major  laboratory  accidents. 

Probably  no  other  issue  generated  as 
much  comment  as  that  of  training.  Ac- 
cording to  one  commentator,  training 
"probably  represents  the  key  to 
safety."  He  goes  on  to  say  that  any 
break  in  technique  could  destroy  phys- 
ical containment  procedures.  Indeed, 
training  in  good  microbiological  prac- 
tices could  be  considered  the  first  line 
of  defense,  as  it  serves  to  protect  the 
worker  as  well  as  prevent  contamina- 
tion of  the  environment  inside  and 
outside  the  laboratory.  The  PRG-RAC 
proposed  the  addition  of  a require- 
ment for  the  training  of  research  per- 
sonnel In  the  use  of  good  microbiologi- 


cal technique.  In  the  PRG-NIH.  the 
principal  investigator  must  be  trained, 
and  must  insure  the  training  of  labo- 
ratory personnel,  before  undertaking 
recombinant  DNA  experiments.  The 
laboratory  safety  monograph  includes 
a section  on  "Laboratory  Techniques 
for  Biohazard  Control”  which  de- 
scribes good  practices  regarding  pipet- 
ting, centrifuging,  and  the  use  of  sy- 
ringes and  needles.  Altogether,  train- 
ing requirement  s have  been  further 
emphasized  and  strengthened  in  the 
PRG  NIH. 

Several  commentators  wanted  train- 
ing standards  to  be  set  In  the  Guide- 
lines or  by  NIH.  the  institution,  or  the 
biosafety  committees.  Others  opposed 
setting  standards.  Still  others  recom- 
mended mandatory,  formal  evaluation 
and  certification  of  investigators  to 
test  for  competency  in  microbiological 
techniques.  NIH  is  currently  funding  a 
Working  Panel  of  the  American  Soci- 
ety of  Microbiology  (ASM)  which  is 
considering  standards  of  training  in 
microbiological  techniques  for  recom- 
binant DNA  research.  Plans  call  for 
the  dissemination  of  a report  for  the 
use  of  Institutions.  IBC's.  and  princi- 
pal investigators,  once  NIH  receives 
the  recommendation  of  the  ASM 
Panel. 

NIH  considers  It  premature  to  re- 
quire national  certification,  as  suggest- 
ed by  some.  There  are  so  few  models 
for  formal  training  standards  in  bio- 
medical research  that  NIH  has  decided 
to  proceed  cautiously,  while  continu- 
ing to  promote  safety  training.  As  yet, 
there  is  no  consensus,  no  one  best  way 
to  accomplish  this  training,  and  there- 
fore the  desired  results  may  best  be 
achieved  by  allowing  institutions,  bio- 
safety committees,  and  investigators 
some  flexibility.  Meanwhile.  NIH 
plans  to  develop  courses  to  be  based 
on  the  NIH/ASM  standards  and  to 
offer  them  widely.  The  Laboratory 
Safety  Monograph  also  contains  a 
summary  of  safety  training  aids,  mate- 
rials, and  courses  offered  by  the  NIH 
and  others. 

From  the  discussion  of  these  issues, 
it  should  be  evident  that  measures 
have  been  undertaken  in  the  revision 
of  Part  IV  of  the  Guidelines  to  empha- 
size occupational  health  and  safety. 
The  principal  measures  would  be  the 
strengthening  of  training  require- 
ments and  activities,  the  designation 
of  someone  in  the  institution  as  a 
member  of  the  biosafety  committee  to 
handle  biological  safety  questions  gen- 
erally, the  delegation  of  more  authori- 
ty to  the  institution,  and  better  defini- 
tion of  responsibilities  at  the  local 
level.  The  impact  of  these  actions  will 
be  the  promotion  of  safer  conduct  of 
this  research,  thus  affording  a greater 


measure  of  protection  to  the  environ- 
ment. 

In  summary,  a key  focus  of  public 
comment  was  on  “procedural  due  proc- 
ess” to  insure  public  participation  in 
the  development  of  NIH  recombinant 
DNA  policies.  In  response  to  those 
suggestions  in  several  instances,  op- 
portunity for  public  comment  is  af- 
forded through  activities  of  the  Direc- 
tor. NIH,  and  the  RAC.  In  addition, 
public  representation  on  the  RAC  will 
be  considered  further,  with  a nomina- 
tion process  to  insure  a wide  range  of 
individuals  for  selection.  New  general 
compliance  and  registration  sections 
have  been  included  in  the  PRG-NIH 
that  do  not  appear  in  the  current 
Guidelines.  These  sections  are  directly 
responsive  to  stated  concerns  that  the 
importance  of  these  safety  standards 
and  procedures  be  emphasized. 

NIH  will  continue  to  work  closely 
w'ith  other  relevant  research  and  regu- 
latory agencies,  particularly  the  Envi- 
ronmental Protection  Agency  and  the 
Occupational  Safety  and  Health  Ad- 
ministration. Both  of  these  agencies 
are  represented  on  the  Federal  Inter- 
agency Committee  on  Recombinant 
DNA  Research. 

NIH  has  created  over  the  past  2 
years  several  internal  committees  that 
are  critically  examining  areas  where 
work  with  potential  biohazards  is  in- 
volved in  the  laboratory. 

Finally,  a key  concern  of  all  com- 
mentators was  the  need  for  programs 
in  occupational  and  environmental 
safety  which  would  Include  health  sur- 
veillance for  laboratory  personnel  and 
the  community.  Recombinant  DNA  re- 
search policies  have  stimulated  a 
broad  NIH  commitment  and  interest 
In  laboratory  safety.  NIH  has  a man- 
date for  national  leadership  in  labora- 
tory safety  programs,  and  the  pro- 
posed revisions  reflect  full  acceptance 
of  that  responsibility. 

Appendix  A-l 

Table:  Comparison  of  Containment 
Levels 

The  following  table  compares  the 
containment  levels  for  all  permissible 
types  of  recombinant  DNA  experi- 
ments. It  designates  the  levels  under 
the  Guidelines  now  in  effect  (since 
June  1976),  under  those  proposed  by 
the  RAC  (September  1977),  and  under 
the  present  NIH-proposed  revisions. 

A dash  (— ) indicates  that  the  catego- 
ry is  not  classified  in  the  edition  of  the 
Guidelines  under  which  the  dash  ap- 
pears. 

It  should  be  stressed  that  the  table 
is  not  definitive,  since  the  contain- 
ment levels  of  the  Guidelines  have 
been  redefined  and  other  require- 
ments modified. 
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Appendix  A 

COMPARISON  OF  TOE  OOWTAINEeVT  LEVELS  OF  HE  1976  GUIDQ.1NES 
AND  TOE  PROPOSED  REVISED  GUIDELINES 


IIGERfFD  OfPv  OOWAIfFIEW  LEVELS 


RAC  PROPOSED  NIH  DIRECTOR'S 

JUNE  1976  GUIDELINES  REVISED  GUIDELINES  REVISED  GUIDELINES 


PHYSICAL 

DIOLOGICAL 

PHYSICAL 

BIOLOGICAL 

PHYSICAL 

BIOIjOCICAL 

Shotqixi  Experiments 

1. 

Primate 

P4 

EX2 

IM 

EEl 

P2 

EX21 

or  P3 

EX3 

or  P3 

EE3 

— 

— 

2. 

Primate  DNA  fra*  uninfected 
cells 

— 

— 

P3 

EE2 

— 

— 

3. 

Qrtiryonic  primate 

P3 

EE  2 

- 

- 

- 

- 

4. 

Manuals  (other  than  primates) 

P3 

EK2 

P2 

EK2 

P2 

EX2 

5. 

Birds 

P3 

EE  2 

P2 

EE  2 

P2 

EX2 

6. 

Cold  blooded  vertebrates 

P2 

EE2 

P3 

EEl 

P2 

EXl 

or  P2 

EE2 

or  PI 

EX2 

7. 

embryonic  and  germ  line 

P2 

EK1 

P2 

EXl 

— 

— 

or  PI 

EX2 

8. 

producing  potent  toxins 

P3 

EE2 

- 

- 

- 

~ 

9. 

producing  potent  polypetide 
toxins 

— 

— 

P3 

EX2 

P3 

EX2 

Lower  eukaryotes 

10. 

producing  toxins,  or  are 
pathogens 

P3 

EE  2 

— 

— 

— 

— 

Shotqixi  Experiments  (Cont.) 

11. 

producing  potent  polypeptide 
toxins,  or  are  pathogens 

— 

P3 

EX2 

P3 

EX2 

12. 

producing  non-polypeptide 

— 

— 

P3 

EXl 

P3 

EXl 

' toxins 

or  P2 

EX2 

or  P2 

EX  2 

13. 

producing  toxins  affecting 

— 

— 

P3 

EXl 

P3 

EXl 

invertebrates  or  plants. 

or  P2 

EX2 

or  P2 

EX2 

14. 

remainder  of  species 

P2 

EXl 

P2 

EXl 

P2 

EXl2 

or  PI 

EX2 

or  PI 

EX2 

IS. 

Plants 

P2 

FEl 

P2 

EXl 

P2 

EXl 

or  Pl 

EX2 

or  PI 

EX2 

16. 

cairying  pathogens  or  making 
dang clous  products 

P3 

EX2 

— 

— 

— 

17. 

cart/ing  pathogens  or  making 
polypeptide  toxins 

— 

P3 

EE  2 

— 

— 

18. 

making  potent  polypeptide  toxins 

- 

- 

- 

— 

P3 

EX2 

19. 

making  non- pol y pep* ide  toxins 

— 

— 

P3 

EXl 

P3 

EXl 

or  P2 

EX2 

or  P2 

FX2 
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0CMTAR1SLH  Of  UK  0Q/TAIE#9Vr  LEVEI.S  OF  HIE  1976  GUIDELINES 
AND  HIE  PROPOSED  REV  I SIX  GUIDELINES 


INStimx  IMA 


CTMTAIlKimT  LEVEIS 


RAC  PROPOSED  NIH  DIRECTOR'S 


JIWE  1976  GUIDELIESS 

REVISED  GUIDELINES 

REVISEP  GUIDELINES 

niYSICAf.  BlOLfblLAL 

PHYSICAL  BlOfOGICAL 

PHYSICAL  BIOLOGICAL 

Prokaryotes  exchanging  genetic 
information  with  E.  coll 

20. 

Cl 1 CDC  agents 

PI 

EXl 

— 4 _ 

Pl 

EXl3 

21. 

Clans  2 CDC  agents 

n 

EXl 



P2 

EXl3 

or  T2 

EX2 

22. 

Prokaryotes  not  exdiangirxj  genetic 

pi 

FX1 

See  PrcAaryotic 

P2 

EXl 

InlnrxMt  ion  with  E.  coli 

or  P2 

HC2 

IMA  reocMbinants 

or  Pl 

EX2 

(Categories  24-26) 

2J. 

It  (Mttujenlc  species 

Pl 

0(2 

Pl 

EX2 

Ptuftaiyotlc  ISA  reccabinants 

24. 

sruice  of  IMA  is  extensively 





P2  EXl 

. liar acte r I zed 

or  PI  EX2 

2*- 

sure*  of  ISA  is  nnt 





P2  EX  2 





extensively  character  lew! 

or  PI  EXl 

2b. 

snorce  o t ISA  Is  fttlloy me 
species 

- 

— 

PJ  1X2 

- 

- 

Chat actor i zed  clones 

it 

Species  that  exchange  inform* 

PI 

fill 



See  Characterized  clones 

1 Ion  with  E.  coll 

(Category  50) 

28. 

Species  that  A>  not  exchan e- 

1*2 

EXl 

See  Character  1 zed  clones 

See  Characterized  clones 

wilh  E^ O'li 

(Category  40) 

(Category  50) 

29. 

Pis  1 fieri  IMA  other  than 

One  step  reduction 

In  p.ysical 

Same 

Same,  except  for  prunate  BA 

I’laswi.b,  Uaclet  lOfYkXjes, 

or  biological  containment  f rox 

(See  Footnote  11) 

xr»l  nu«r  Viriocsi 

that  used  in  cor  res  pool  l rg  shot- 

9111  ci|^f  iM.*nts 

Placenta,  Bactr-r  lopiages  anil 
Other  V irises 

10. 

Ammxl  viruses 

P4 

EX  2 

See  Categories 

• 

or  PI 

EXJ 

12-41 

II. 

v4«.n  clones  shown  to  be 
Iree  of  harmful  regions 

PJ 

EX  2 

See  Categories 

• 

12-41 

Vunses  of  Warm-nicoled  Vertebrates 

12 

IMA  viruses  ♦ transcripts  of 





P4  EXl 

* 

retrovirus  genomes 

or  Pl  EXJ 
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33135 


COMPARISON  OF  HIE  aCOTAINMEJfr  LEVELS  OF  HIE  1976  GUIDELINES 
AND  THE  PROPOSED  REVISED  GUIDELINES 


INSERTED  LN\ 


ODNTAILMU/I'  LEVELS 


JUIE  1976  GUIDELINE 


nrysiCAi.  biological 


RAC  PROPOSED 
REVISED  GUIDELINES 


PHYSICAL  BIOLOGICAL 


NIH  DIRECTOR'S 
REVISED  GUIDELINES 


PHYSICAL  BIOLOGICAL 


31. 

for  pirified  sdbgenanic 
segments  or  less  than  com- 
plete genome 

P3 

EX  2 

* 

DMA  transcripts  of  other  WA 
viruses 

34. 

non- segmented  genane 

— 

See  Categories 
32-41 

* 

35. 

sejmented  genome 

— 

P3 

EK2 

* 

Viruses  of  Cold-blooded  Vertebrates 

16. 

UNA  viruses  f transcripts  of 
retrovirus  genomes 

— 

P4 
or  P3 

EKi 

EK2 

* 

37. 

for  pirified  sitigenamic 
segnents  or  less  than  com- 
plete genome 





P2 

EX2 

* 

DMA  transcripts  of  other  RNA 
viruses 

38. 

non-segrrented  genane 

— 

— 

See  Categories 
36-37 

* 

39. 

segmented  genome 

- 

- 

P2 

FX2 

• 

Viruses  of  Invertebrates  and 
Protozoa 

40. 

Baculovi ruses,  EPA  registered 

— 

PI 
or  P2 

FX2 

EX1 

* 

41. 

, Other  viruses 

— 

— 

Same  as  for 
oold-blooded 

viruses  of 
vertebrates 

* 

42. 

Plant  viruses 

P3 
or  P2 

EK1 

FK2 

P3 
or  P2 

EX1 

1X2 

* 

43. 

Primate  mitochondria 

PI 
or  P2 

EK1 

FX2 

P3 
or  P2 

EX1 

EX2 

— ~ 

44. 

Other  eukaryotic  mitoclondrial 
or  diloropiast  DNA 

P2 

FXl 

P2 

EX1 

— 

45. 

Eukaryotic  mitodiondrial  or 
chloroplast  UNA 

- 

— 

P2  EXl 

46. 

47. 

Prokaryotic  placid  or  phage 
which  exdianqe  with  E.  coli 

wlien  known  not  to  contain  harm- 

Same  as 
conditions 

PI 

shotgin 
for  host 

1X1 

Same  as  shotgun 
conditions 
for  host 

(See  Footnote  13) 

Cul  genes,  or  purified  segments 
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NOTICES 


oqhpariscn  or  hie  awruwir  levels  of  nit  1976  ojilklines 

Aiffi  HIE  I RjKStll  REVISED  GUIDELINES 


INSERT!!)  U* 

CUroil  WIOfT  LEVELS 

JUNE  1974  GUIDELDCS 

RAC  PHOTOS  Hi 
REVISED  GUIDELINES 

NIH  DIRECTOR'S 
REVISED  GUIDELINES 

niYSICAL  biological 

RIYSICAL  BIOLOGICAL 

PHYSICAL  BIOLOGICAL 

44.  Plukaryut  lc  pilaaxid  and 

phage  which  rkj  not  exchange 
information  with  K.  coll 

Sane  as  shntgin 
conditions  for  hast 

Same  as  shot gin 
conditions  for  hest 

Same  as  shotgin 
conditions  for  host 

49.  alnimue  ooitaiiment 

PI  EK1 

or  P2  EK2 

— — 

— — 

50.  Characterized  Clones 

See  Characterized  clones 
(Category  27-28) 

1BC  may  approve  single- 
step  reduction  in  physical 
or  biological  containment 

I DC  may  approve  sirrjle- 
step  reduction  in  physical 
or  biological  containment, 
except  for  prisiate  DNA 

Reduction  of  sore  than  one 
step  requires  NIH  approval 

Reduction  of  more  than  coo 
step,  or  reduction  of  pri- 
mate OtlA  requires  NIH 
approval . 

Animal  Itost-Vertor  Systems 

Defective  polyoma  virus 

51.  Containing  l»  of  non- 
imthogrnic  organise 

52.  Containing  class  2 anueal 
vi  rim  tefiencn 

PI  cul tired  cells 

P4  cultired  cells 

See  Categories  53-60 
Sec  Categories  53-60 

• ft 

• ft 

51.  wtien  clone  shown  to  contain 

only  lunlm  regions 


rl  oil  tired  cells  See  Categories  58-60 


refect  tve  SV40  virus 


54. 

I»h  froe  any  non- pathogenic 
organ m or  Class  1 vine 

P4 

established  cell 
lines 

See  Categories  61-65 

• ft 

55. 

If  Inserted  segment  is 
purified  prokaryotic  t»4A  or 
previously  cloned  eiAaryotic 
INA  Unra  finction  is  knevn 

PI 

est^il lsled  cell 
lines 

See  Categories  61-65 

• ft 

56. 

If  defective  SV40  lacks 
late  reipion,  there  is  no 
helper  virus,  and  no 
infectious  virus  is  being 
pxcxiuced 

PI 

establisixxl  cell 
lines 

See  Categories  61-65 

• ft 

57. 

if  nm- permissive  cells 
trams  fotmed 

PI 

establ  isliod  nor 
permissive  cell 
lines 

See  Categories  61-65 

• ft 

Defective  or  Intact  polyomi 
vine 

53. 

Containing  DNA  of  Class  1 or 





n cultired  cells 

• ft 

Class  2 bacteria,  except  for 
species  producing  potent 
pnlypept  l.te  toxins 
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33137 


OOMP ARISON  OF  HIE  OCNIAKWEVT  LEVELS  OF  HIE  1976  GUIDELINES 
AND  HIE  PICPOSED  REVISED  GUIDELINES 


1NSKR1TD  UNA 


CJUtflAINiaJT  LEVELS 


RAC  PROPOSED  NIII  DIRECTOR’S 

JUNE  1976  GUIDELINES  REVISED  GUIDELINES  REVISED  GUIDELINES 


PHYSICAL  BIOLOGICAL  PIIYSICAI.  BIOLOGICAL  BIYSICAL  BIOLOGICAL 


59.  Containing  DMA  of  eukaryote  — — P3  cultured  cells 

not  producing  potent  poly- 

(eptide  toxin 

Unconditionally  defective  polycma 
virtE 

60.  Sitvgenunic  segments  of  Class  1 — — PI  cultured  cells 

or  Class  2 viruses  vrfiich  do  not 

leplicate  in  mouse  cells 


SV40  ami  Adenovirus  Types  2 
and  S 

Unoxvlitional  ly  defective  by 
deletion  in  essential  gene 
reg  ion 

61.  if  insertol  DNA  is  fran  — — M cultured  cells 

Class  1 or  2 bacteria  (except 
for  species  producing  potent 
polypei* irle  toxins)  or  fran 
eukaryote  not  producing 
potent  polypeptide  toxin 

62.  if  inserted  DNA  is  purified  — — P3  cultured  cells 

prokaryotic  segment,  or 

identified  segment  of 
eukaryotic  DNA  previously 
clone.!  in  prokaryotic 
I «;t- vector  system 

63.  Unconditionally  defective 
by  deletion  in  capsid  genes 


64. 

containing  DNA  fran  Class  1 
agents 

P4 

established 
cell  line 

• • 

if  vector  is  known  lo  be 
free  of  complete  viral 
genano 

P3 

established 
cell  line 

65. 

SV40  or  Ad.  2 and  5 DNA  plus 
sitogenomic  sequences  fran 

— 

— 

P3 

non- permissive 
cells 

ft* 

eikaryotic  organisms  or 
Class  1 or  2 agents;  reca tv- 
fa  inant  molecule  defective  and 
no  virus  being  produced 
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NOTICES 


Appendix  A 

POOTNOTES 

1.  Lowering  of  containment  below  these 
levels  (l.e..  for  purified  DNA  or  character- 
ised clones)  cannot  be  made  solely  by  an  In- 
stitutional biosafety  committee,  but  re- 
quires NIH  approval. 

2.  Plant  pathogenic  or  synbiotic  fungi  that 
do  not  produce  potent  toxins  are  specifically 
Included  among  the  remainder  of  species  In 
this  class  of  lower  eukaryotes. 

3.  It  Is  expected  that  many  of  the  prokar- 
yotes that  exchange  genetic  information 
with  £.  coil  by  known  physiological  process- 
es will  be  exempted  from  these  Guidelines 
bv  appearing  on  the  "list  of  exchangers" 
(See  Guidelines.  Section  I-E-4.) 

•See  table  III  of  Guidelines.  Section  III- 
A-2  a-t2Me>. 

••See  table  IV  of  Guidelines.  Section  III- 
C-3. 


Appendix  B-l 

Table:  Classification  of  NIH- Funded 
Experiments  as  of  December  1976 

The  following  table  lists  all  P2  and 
P3  recombinant  DNA  research  pro- 
jects supported  by  NIH  as  of  Decem- 
ber 1977.  The  PI  projects  are  roughly 
a 50-percent  sample.  The  table  desig- 
nates the  containment  labels  under 
the  Guidelines  now  in  effect  (since 
June  1976).  under  those  proposed  by 
the  RAC  (September  1977).  and  under 
the  present  NIH  proposed  revisions. 
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Appendix  C 

RESPONSES  TO  SOME  COMMENTS  ON  THE 

NIH  ENVIRONMENTAL  IMPACT  STATE- 
MENT, BY  PUBLIC  WITNESSES  AT  THE 

DAC  MEETING,  DECEMBER  15-16,  1977 

At  the  public  meeting  of  the  Adviso- 
ry Committee  to  the  Director,  NIH. 
held  at  the  National  Institutes  of 
Health  in  December  1977,  witnesses 
representing  environmental  groups 
commented  on  the  "Environmental 
Impact  Statement  on  NIH  Guidelines 
for  Research  Involving  Recombinant 
DNA  Molecules,”  published  by  NIH  in 
October  1977.  Some  of  the  comments 
and  responses  by  the  Office  of  the  Di- 
rector, NIH,  are  summarized  below. 

Comment  1.  "The  environmental 
impact  statement  does  not  respond  to 
the  arguments  that  any  gene,  if  ex- 
pressed out  of  its  normal  context,  has 
the  potential  for  being  ‘harmful.’  Ap- 
pendix K59-62”  (of  the  EIS). 

Response.  Page  23  of  the  EIS  (sec- 
tion IV-C-1)  states  that  the  “stable  in- 
sertion of  DNA  derived  from  a differ- 
ent species  into  a cell  or  virus  (and 
thus  the  progeny  thereof)  may  change 
certain  properties  of  the  host.  The 
changes  may  be  advantageous,  detri- 
mental, or  neutral  with  regard  to  (a) 
the  survival  of  the  recipient  species, 
(6)  other  forms  of  life  that  come  in 
contact  with  the  recipient,  and  (c)  as- 
pects of  the  nonliving  environment. 
Current  knowledge  does  not  permit  ac- 
curate assessment  of  whether  such 
changes  will  be  advantageous,  detri- 
mental, or  neutral,  and  to  what 
degree,  when  considering  a particular 
recombinant  DNA  experiment.”  This 
statement  and  subsequent  elaboration 
acknowledges  the  commentator’s 
point — that  any  gene,  if  expressed  out 
of  its  normal  context,  has  a potential 
for  doing  harm.  The  EIS  does  not 
qualify  here— does  not  limit  itself  to 
the  effects  of  "harmful”  genes,  such 
as  those  coding  for  synthesis  of  a 
toxin.  Section  IV-C  proceedes  to  dis- 
cuss ways  in  which  hazardous  agents 
might  be  produced.  Factors  such  as 
survival  of  the  host  cell,  survival  of 
vectors,  and  effects  of  hosts  or  vectors 
on  other  forms  of  life  are  considered. 
Moreover,  the  guidelines  classify  all 
DNA  that  might  be  manipulated,  so 
that  some  measure  of  containment  is 
required  for  any  recombination.  Thus 
“any  gene”  is  covered. 

Comment  2.  "The  EIS  does  not  re- 
spond to  the  argument  that  while  E. 
coli  K-12  does  not  normally  colonize 
the  human  colon,  it  is  incorrect  to 
infer  that  this  property  renders  it 
harmless  to  humans.  Appendix  K62- 
64.” 

Response.  The  letter  cited  (Zimmer- 
man, Environmental  Defense  Fund) 
argues  that  E.  coli  K-12’s  survival  per 
se  is  not  the  issue— that  genetic  ex- 
change is.  The  point  is  covered  in  sec- 


tion IV-C-l-b-(2)  on  page  29  of  the 
EIS:  "When  a cell  or  virus  dies,  or 
comes  close  to  or  invades  the  tissue  of 
another  living  organism,  the  re-  com- 
binant  DNA  may  effectively  enter  a 
new  cell.  A hazardous 
situation  • • • might  ensue  if  foreign 
proteins  were  manufactured  in  this 
‘secondary’  recipient”  (et  seq.).  Fur- 
ther treatment  of  the  issue  is  present- 
ed in  section  VI-C,  page  76,  under  the 
heading  "Transfer  of  Foreign  DNA 
from  E.  coli  K-12.”  The  EIS  does  not 
infer  that  the  demonstrated  reluc- 
tance of  E.  coli  K-12  to  colonize  the 
human  intestine  renders  it  entirely 
harmless.  If  that  were  so,  there  would 
be  no  guidelines  as  we  know  them, 
where  experiments  using  this  attenu- 
ated organism  are  classified  over  the 
whole  range  of  containment  possibili- 
ties. 

Comment  3.  “The  possibility  that  an 
organism  containing  chimeric  DNA 
could  possess  properties  exhibited  by 
neither  the  host  nor  the  organism  is 
not  considered.  No  response  to  this  in 
the  EIS.  Appendix  K65.” 

Response.  Section  IV-C-1  of  the  EIS. 
pages  23-31,  describes  the  ways  in 
which  recombinant  DNA  experiments 
might  be  hazardous.  Under  the  subti- 
tle “The  effect  of  bacteria  and  viruses 
containing  recombined  DNA  on  other 
forms  of  life,  “there  are  sections  ex- 
plaining basic  mechanisms  whereby  a 
recipient  microorganism  might  be  al- 
tered with  regard  to  its  pathogenicity 
or  toxicity  as  a result  of  a resident  re- 
combinant. “Foreign  DNA  inserted 
into  a bacterial  gene,”  it  is  stated, 
"might  so  alter  the  microbial  cell’s 
properties  that  it  becomes  harmful  to 
other  organisms.  This  might  happen, 
for  example,  through  a change  in  the 
growth  rate  and  competitive  advan- 
tage of  the  recipient  microbial  cell,  re- 
sulting in  increased  virulence  of  a 
mildly  pathogenic  bacteria.”  (EIS,  p. 
29)  The  statement  and  those  following 
it  are  broad  enough  to  include  the  pos- 
sibility that  “an  organism  containing 
chimeric  DNA  could  possess  properties 
exhibited  by  neither  the  host  nor  the 
organism”  (which  probably  means 
"neither  the  foreign  donor  nor  the 
host  organism”).  In  other  words,  the 
EIS  has  nowhere  denied  this  possibil- 
ity and,  indeed,  addressed  it  in  a gen- 
eral way  by  considering  the  various 
mechanisms  through  which  hazards 
might  arise. 

Comment  4.  “There  is  no  adequate 
response  to  the  criticism  that  the  pub- 
lication of  the  EIS  after  the  release  of 
the  guidelines  negated  the  purpose  of 
the  National  Environmental  Policy 
Act,  i.e.,  to  secure  broad  public  com- 
ments on  the  guidelines  and  the  policy 
of  expansion  they  assume.  Appendix 
K31.” 

Response.  The  EIS  on  page  2 re- 
sponds to  the  above  criticism  as  fol- 


lows: "Although  NEPA  assumes  that 
such  Federal  actions  will  not  be  taken 
until  the  NEPA  procedures  are  com- 
pleted, the  Director  of  NIH  concluded 
that  the  public  interest  required  im- 
mediate issuance  of  the  guidelines, 
rather  than  deferral  for  the  months 
that  would  be  required  for  completion 
of  the  NEPA  process.  This  was  be- 
cause experiments  utilizing  recom- 
binant DNA  technology  were  proceed- 
ing in  various  laboratories  throughout 
the  country  with  only  general  and 
purely  voluntary  restrictions.”  The 
statement  is  still  valid,  and  it  is  diffi- 
cult to  see  how  the  NIH  might  better 
have  acted  in  the  public  interest.  NIH 
has  pointed  out  elsewhere  that  the  re- 
lease of  guidelines  was  a positive  act  in 
the  interest  of  public  safety,  not  an 
act  that  could  in  any  way  be  construed 
as  negative  or  hazardous. 

Comment  5.  "No  response  or  correc- 
tion of  the  lack  of  ’classification 
system  for  pests  and  pathogens  of 
plants  and  animals  on  the  basis  of 
their  hazards  to  agriculture  such  as 
exists  for  etiologic  agents  of  disease  on 
the  basis  of  their  hazard  to  humans.’  ” 
Correspondence  between  Drs.  John  W. 
Littlefield  and  Peter  Day,  April  14, 
1977. 

Response.  The  EIS  addresses  the 
guidelines’  treatment  of  plant  and 
animal  sources  of  DNA  on  page  120, 
first  paragraph.  It  explains  that  the 
analysis  of  potential  hazards  in  the 
EIS  is  given  in  a general  way  that  is 
equally  applicable  to  persons,  animals, 
and  plants.  The  section  of  the  guide- 
lines on  plants  has  been  expanded  in 
the  proposed  revision.  Specifications 
for  plant  host-vector  systems  provide 
safeguards  in  greenhouses,  growth 
chambers,  etc.,  that  meet  the  stand- 
ards for  experiments  involving  other 
life  forms.  As  to  a classification 
system,  a workshop  on  risk  assessment 
of  agricultural  pathogens,  comprising 
distinguished  American  plant  patholo- 
gists, was  held  on  March  20-21,  1978 
(as  announced  on  March  6 in  the  Fed- 
eral Register)  under  the  sponsorship 
of  the  U.S.  Department  of  Agriculture, 
the  National  Science  Foundation,  and 
the  National  Institutes  of  Health.  The 
report  of  this  workshop  constitutes  ap- 
pendix G.  It  was  presented  to  the  Re- 
combinant Advisory  Committee  at  its 
meeting  on  April  27-28,  1978,  and  was 
unanimously  endorsed  with  certain 
minor  amendments.  The  recommenda- 
tions of  the  RAC  have  been  adopted  in 
the  NIH  Director’s  proposed  revised 
guidelines  (PRG-NIH)  with  additional 
minor  amendments  to  sections  dealing 
with  the  use  of  plants  and  plant  path- 
ogens in  recombinant  DNA  research. 

Comment  6.  “No  response  to  Dr. 
Peter  Albersheim’s  concern  over  the 
use  of  the  organism  Agrobacterium  tu- 
mefaciens  in  nitrogen-fixation  work. 
Correspondence  with  Dr.  Fredrickson, 
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July  10.  1977.  Comment s (peach-col- 
ored book)  p.l.” 

Response.  The  letter  to  Dr.  Fredrick- 
son. July  10  (actually  to  Dr.  Gartland. 
July  5.  and  received  July  10)  com- 
ments on  the  guidelines  rather  than 
the  E1S.  All  letters  received  in  re- 
sponse to  the  draft  EIS  are  Included  In 
appendix  K of  the  final  EIS  and  are 
responded  to  on  page  113-137  of  the 
final  EIS.  Our  response  to  Comment  5 
above  is  also  applicable  to  this  com- 
ment— l.e.,  the  EIS  discusses  plants  on 
pages  23  and  120.  and  further  discus- 
sion of  this  issue  was  held  at  the 
recent  workshop  on  risk  assessment  of 
agricultural  pathogens,  which  has  led 
to  changes  in  the  PRG-NIH. 

Appendix  D 

DISCUSSION  or  THE  "LIST  OP  EXCHANG- 
ERS’" CONSTITUTING  APPENDIX  A TO  THE 

GUIDELINES 

Section  I-E-4  of  the  Guidelines 
stales  that  certain  recombinant  DNA 
molecules  are  exempt  from  the  Guide- 
lines. These  are  molecules  that  "con- 
sist entirely  of  DNA  segments  from 
different  species  that  exchange  DNA 
by  known  physiological  processes, 
though  one  or  more  of  the  segments 
may  be  a synthetic  equivalent.  A list 
of  such  will  be  prepared  and  periodi- 
cally revised  by  the  Director.  NTH.  on 
the  recommendation  of  the  Re-  com- 
b Inant  DNA  Advisory  Committee, 
after  appropriate  notice  and  opportu- 
nity for  public  comment.  Certain 
classes  are  exempt  as  of  publication  of 
these  Revised  Guidelines.  The  list  Is  in 
Appendix  A." 

The  natural  transfer  of  genes  be- 
tween bacteria  occurs  by  transduction 
(bacterial  virus- media  ted),  transforma- 
tion (uptake  of  Isolated  DNA  by  a bac- 
terial cell),  or  conjugation  (plasmid- 
mediated  transfer  of  genes  between 
bacteria,  requiring  cell-to-cell  contact). 
A reasonable  generalization  is  that  vir- 
tually all  closely  related  species  of  bac- 
teria can  exchange  genes  by  transduc- 
tion and  transformation,  the  former 
limited  by  the  relatively  narrow  host- 
range  of  transducing  bacteriophage 
and  the  latter  by  the  requirement,  in 
the  case  of  chromosomal  DNA.  for  ho- 
mology of  DNA  in  most  recombination 
event*.  Conjugal  mating  with  ex- 
change of  DNA  can  occur  between  vir- 
tually all  Gram-negative  bacteria  in- 
cluding naturally  occurring  soil  and  in- 
testinal species,  when  mediated  by  a 
plasmid  of  broad  host-range  (for  ex- 
ample. the  Inc  P-1  group  plasmids). 
Recently,  conjugal  mating  has  also 
been  shown  to  occur  between  strains 
of  certain  species  of  Streptococcus,  a 
Gram-positive  organism  (for  example. 
Streptococcus  faecalis).  To  date,  how- 
ever. conjugal  mating  has  not  been 
demonstrated  between  Gram-negative 
and  Oram-positive  bacteria 


The  relatedness  of  different  micro- 
bial species  can  be  estimated  by  deter- 
mining the  extent  of  DNA  homology 
between  them  or  by  studying  the 
properties  of  different  microorganisms 
in  genetic  crosses.  As  a general  rule, 
organisms  that  show  considerable  ho- 
mology of  their  nucleotide  sequences 
under  a standard  set  of  experimental 
conditions  have  the  capacity  to  mutu- 
ally integrate  chromosomal  genes.  For 
example,  in  the  case  of  the  Enterobac- 
tenaceae  family  of  bacteria  (Includes 
Escherichia  coli  K-12).  there  is  both 
extensive  DNA-DNA  homology  (1)  and 
chromosomal  gene  exchange.  ( 2 ) with 
a reasonable  correlation  between  the 
degree  of  DNA-DNA  homology  and 
the  capacity  to  mutually  Integrate 
chromosomal  genes. 

Genetic  relatedness,  as  indicated  by 
a high  level  of  DNA-DNA  homology 
between  different  microorganisms,  is 
not.  however,  an  absolute  requirement 
for  the  exchange  of  chromosomal 
genes  between  bacteria  In  fact,  chro- 
mosomal gene  transfer  among  diverse 
members  of  the  Gram-negative  group 
of  bacteria  has  been  demonstrated 
where  the  microorganisms  involved 
show  little  or  no  DNA-DNA  homology. 
In  these  cases  the  exchange  of  chro- 
mosomal genes  Is  promoted  by  a 
broad-host-range  plasmid  of  the  Inc  P- 
1 incompatibility  type.  These  plasmids 
mobilize  the  chromosomes  of  a wide 
variety  of  Gram-negative  bacteria.  In- 
corporate segments  of  these  chromo- 
somes. and  are  capable  of  establishing 
themselves  along  with  covalently- 
linked  chromosomal  genes  in  a wide 
range  of  Gram-negative  bacteria.  ( 3) 

Appendix  A to  the  Guidelines  con- 
tains a list  of  documented  cases  of 
chromosomal  gene  exchange  between 
a variety  of  bacteria  and  E.  coli  K-12 
where  the  gene  exchange  is  promoted 
by  Inc  P-1  or  other  plasmids.  The  first 
ten  entries  in  this  table  are  members 
of  the  Enterobacteriaceae  family  of 
bacteria  The  bacterial  species  in  this 
family  not  only  show  chromosomal 
gene  exchange  but.  as  Indicated  above, 
exhibit  extensive  DNA-DNA  homol- 
ogy. References  listed  at  the  end  of 
this  Appendix  14)  provide  documenta- 
tion for  the  entries  in  Appendix  A to 
the  Guidelines.  All  entries  in  Appen- 
dix A exhibit  R-prime  transfer  (R 
plasmid  carrying  chromosomal  genes) 
to  E.  coli  K-12  mediated  by  the  Inc  P- 
1 or  other  plasmids. 

The  Recombinant  DNA  Advisory 
Committee  at  its  April  27-28.  1978, 
meeting  proposed  three  possible  alter- 
native lists  for  consideration  by  the 
Director.  NIH.  to  become  Appendix  A 
to  the  Guidelines. 

The  first  list  with  its  criteria  and  en- 
tries was  as  follows: 

The  following  organisms  of  the  Entcro- 
bacteriaecae  family  exhibit  chro-  mosomal 
DNA  relatedness  (20  percent  or  more  ho- 


mology of  DNA  of  various  pairs  tested)  and 
genetic  recombination  or  R-prime  (R  plas- 
mid carrying  chromosomal  genes)  transfer 
to  E.  coli  K-12  mediated  by  the  Inc  P-1 
plasmids. 

All  species  of  the  following  genera: 

1.  gjc/lencAia  (including  E.  col:  K-12) 

2.  Shigellas 

3.  Salmonella 

4.  Enterobacler 

5.  Arizona 

6.  Citrobacter 

7.  Klebsiellas 

In  addition,  the  following  species: 

1.  frinnic  amylovom 

2.  Entnnia  dissolvent 

3.  Encinia  mintpressurahs 

4.  Serralia  marcescens 

5.  Le tinea  malonalica 

6.  Levi nea  amalonatica 

The  second  list  proposed  by  the 
RAC  Included  all  the  members  of  the 
first  list  but  added  additional  mem- 
bers. The  criteria  used  are  that  all  the 
members  of  the  list  exhibit  R-prime 
transfer  (R  plasmid  carrying  chromo- 
somal genes)  to  E.  coli  K-12  mediated 
by  the  IncP-1  or  other  plasmids.  This 
is  the  list  which  (which  certain  dele- 
tions) was  selected  by  the  Director, 
NIH  to  become  Appendix  A to  PRG- 
NIH.  The  references  supporting  the 
entries  to  this  list  are  give  14)  at  the 
end  of  this  Appendix. 

The  third  list  included  all  the  mem- 
bers of  the  second  list  but  adds  addi- 
tional members.  This  list,  with  its  cri- 
teria and  entries,  was  as  follows: 

The  following  genera  and/or  species  pos- 
sess R plasmids  (including  R plasmids  of  the 
IncP-1  group)  transferable  to  E.  coli  K-12. 

1.  All  members  of  the  Enterobacteriaceae 
family 

2.  Vtbno  species  (except  Vibrio  para-  hemo- 
ly Ileus) 

3.  Pseudomonas  species 

4.  Rhizobium  species 

5.  Acinetobacter  calcoaceticus 

6.  Agrobacterium  tume/aciens 

7.  Rhodopseudomonas  sphaeroides 

8.  CaulobacCer  crescent  us 

9.  Proteus  species 

10.  Achromobacler  species 

11.  Aeromonas  salmon  icida 

12.  Alcaligenes  faecalis 

13.  Bordetella  branch  tsephea 

14.  Myzococcus  xanthus 

15.  Neisseria  gonorrhoeas 

16.  Pastuerella  hemolytica 

17.  Pastuerella  multocxda 

18.  Yersinia  species  (excludes  Y pest  is.  since 
it  is  a Class  3 agent) 

19.  Xanthomonas  species 

In  addition,  recombinant  DNA  experi- 
ments between  H influenzae  and  H.  parain- 
fluenzae  are  exempt  on  the  basis  of  exten- 
sive DNA  homology. 
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Appendix  E 

Department  op  Health, 
Education,  and  Welfare, 

Public  Health  Service, 
National  Institutes  of  Health, 

Bethesda,  Md.  March  16,  1978. 

Dr.  Donald  S.  Fredrickson, 

Director,  National  Institutes  of  Health,  9000 
Rockville  Pike,  Bethesda,  Md. 

Dear  Dr.  Fredrickson:  On  January  26-28, 
1978,  a joint  U.S.-EMBO  Workshop  to 
Assess  Risks  for  Recombinant  DNA  Experi- 
ments Involving  the  Genomes  of  Animal, 
Plant,  and  Insect  Viruses  was  held  in  Ascot. 
England.  The  workshop  was  sponsored  by 
the  NIH  at  your  request,  in  response  to  dis- 
cussions concerning  viruses  at  the  Director’s 
Advisory  Committee  meeting  of  December 
1977.  The  workshop  was  attended  by  27  sci- 
entists from  the  United  States,  the  United 
Kingdom,  West  Germany,  Finland,  France. 
Sweden,  and  Switzerland.  The  participants 
were  invited  because  of  their  scientific  ex- 
pertise and  not  as  representatives  of  any 
government  or  of  any  policymaking  group. 

The  primary  purpose  of  the  meeting  was 
to  conduct  a scientific  and  technical  analy- 
sis of  possible  risks  associated  with  cloning 
eukaryotic  viral  DNA  segments  in  E.  coli  K- 
12  host-vector  systems  and  with  the  use  of 
eukaryotic  viruses  as  cloning  vectors  in 
animal,  plant,  and  insect  systems.  In  addi- 
tion, there  were  general  discussions  of  the 
possible  importance  of  recombinant  DNA 
technology  for  the  solution  of  problems  in 
basic  and  applied  virology  and  of  the  classi- 
fication of  viruses  with  respect  to  the 
hazard  that  laboratory  research  with  them 
might  pose  to  the  laboratory  worker  or  to 
the  community. 

A report  of  the  discussions  and  conclu- 
sions of  the  workshop  is  transmitted  to  you 
along  with  this  letter.  A draft  of  this  report 
was  sent  to  the  members  for  comment  and 
revision,  and  this  final  version  is  based  on 
the  replies  of  all  the  participants.  In  view  of 
the  favorable  responses,  we  feel  that  this 
report  will  receive  the  support  of  virologists 
in  general.  We  hope  that  it  will  be  useful  to 
you  and  the  various  national  committees 
that  are  considering  containment  levels  for 
this  type  of  recombinant  DNA  research. 

Since  this  is  the  report  of  an  international 
group,  we  generally  avoided  reference  to 
any  particular  set  of  containment  condi- 
tions. Rather,  we  anticipate  that  the  various 
national  committees  will  use  this  report  as 
the  scientific  basis  for  setting  the  contain- 
ment conditions  they  feel  appropriate. 

Sincerely, 

Malcolm  A.  Martin, 
Laboratory  of  Biology 
of  Viruses,  NIAID. 

Wallace  P.  Rowe, 
Laboratory  of  Viral  Diseases, 
NIAID. 

John  Tooze, 

Executive  Secretary,  European  Molec- 
ular Biology  Organization,  Heidel- 
berg. 

Co-Chairmen. 

REPORT  OF  U.S.-EMBO  WORKSHOP  TO 
ASSESS  RISKS  FOR  RECOMBINANT  DNA 
EXPERIMENTS  INVOLVING  THE  GENOMES 
OF  ANIMAL,  PLANT,  AND  INSECT  VIRUSES 

This  is  the  report  of  a joint  U.S.- 
EMBO  workshop  held  in  Ascot,  Eng- 
land, January  27-29,  1978,  which  was 
convened  to  discuss  the  possible  risks 


of  recombinant  DNA  experiments  in- 
volving the  DNAs  of  animal,  plant, 
and  insect  viruses.  The  27  scientists  in 
attendance  (see  attached  roster)  had 
expertise  in  clinical  infectious  disease; 
public  health,  medical  and  diagnostic 
virology;  the  biology  of  virus  infection; 
biochemical  virology;  and  plant,  insect, 
and  veterinary  viruses.  Five  of  the  par- 
ticipants are  actively  engaged  in  re- 
combinant DNA  experimentation.  A 
consensus  statement  of  the  discussions 
in  the  areas  of  pathogenesis  and  epide- 
miology of  viral  diseases,  potential 
benefits  of  recombinant  DNA  experi- 
ments involving  eukaryotic  viral  DNA, 
viral  hazard  classifications,  and  clon- 
ing in  prokaryotic  and  eukaryotic  sys- 
tems is  presented  below.  The  group’s 
conclusions,  with  respect  to  possible 
risks  of  recombinant  DNA  experi- 
ments involving  viruses  are  based  on 
the  best  available  scientific  data  de- 
rived from  publications,  knowledge  of 
current  activities  in  the  field  of  viro- 
logy, and  first-hand  experience  in  the 
virology  laboratory. 

Introduction 

Viral  disease  is  a complex  process 
that  involves  a series  of  critical  steps; 
these  include  entry  of  the  virus  parti- 
cle into  the  host,  infection  of  specific 
cells  at  the  portal  of  entry,  replication 
of  the  virus  in  the  infected  cells,  and 
usually,  the  spread  of  the  progeny 
virus  particles  within  the  infected  host 
to  other  susceptible  cells.  Depending 
upon  the  nature  of  the  particular  viral 
agent,  the  deleterious  effects  for  the 
host,  if  any,  may  result  from  cytolytic 
activity,  cellular  transformation, 
chronic  cellular  dysfunction,  or  the 
provocation  of  an  injurious  immunolo- 
gical response.  Viruses  contain  5 to  150 
or  more  genes  and  their  coordinated 
functioning  is  required  for  viral 
growth  and,  consequently,  for  survival 
of  the  virus  in  nature.  Even  though  we 
do  not  generally  understand  the  pre- 
cise role  of  each  viral  gene  product,  it 
seems  clear  that  viral  infection  and 
disease  production  requires  proper 
functioning  of  most,  if  not  all,  viral 
genes  and,  in  general,  is  not  a conse- 
quence of  any  single  viral  gene  prod- 
uct. In  the  case  of  oncogenic  papova- 
viruses,  transforming  retro-  viruses 
and  possibly  adenoviruses,  individual 
viral  genes  are  thought  to  be  responsi- 
ble for  the  transforming  properties  of 
the  virus. 

Recombinant  DNA  experiments 
have  already  yielded  new  information 
about  the  structure  and  control  of  ex- 
pression of  genes  in  higher  organisms 
that  could  not  have  been  obtained  by 
conventional  techniques.  DNA  cloning 
provides  unparalleled  opportunities  to 
explore  the  basic  biology  of  animal 
and  plant  viruses.  Virologists  will  be 
able  to  probe  more  deeply  into  the 
control  of  viral  gene  expression  and 
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discover  phenomena  of  general  cell 
biological  significance;  techniques  will 
be  more  readily  available  to  elucidate 
the  sequence  of  viral  nucleic  acids,  to 
shed  light  on  the  role  of  viral  gene 
products  in  pathogenicity,  and  eventu- 
ally. to  understand  the  molecular  biol- 
ogy of  animal  and  plant  viruses  to  the 
extent  that  some  bacteriophages  are 
now  understood.  It  seems  apparent 
that  this  new  information  will  lead  to 
a deeper  understanding  of  viral  dis- 
eases and  to  new  ways  of  combating 
them.  In  the  immediate  future  the 
ability  to  obtain  useful  amounts  of 
pure  viral  genomes  and  subgenomlc 
fragments  that  cannot  be  obtained  by 
other  means  will  provide  scientists  and 
physicians  with  invaluable  and  inex- 
pensive diagnostic  protein  and  nucleic 
acid  reagents.  In  the  more  distant 
future  It  should  be  possible  to  use 
gene  cloning  techniques  to  obtain 
large  amounts  of  viral  proteins;  one 
practical  benefit  from  such  develop- 
ments might  well  be  effective  and  safe 
vaccines  for  control  of  diseases  caused 
by  hepatitis  viruses,  herpesviruses  and 
Influenza  viruses  and  many  other  vir- 
uses, both  known  and.  as  yet,  un- 
known. 

In  addition  to  being  able  to  clone 
viral  genes  in  bacteria  we  are  now  able 
to  envisage  using  certain  animal  vir- 
uses as  vectors  for  the  propagation  of 
foreign  genes  In  animal  cells;  a similar 
system  for  exploiting  a plant  virus, 
cauliflower  mosaic  virus,  to  clone  for- 
eign genes  in  plant  cells  may  shortly 
become  available.  The  chief  impor- 
tance of  animal  and  plant  virus  vectors 
Is  that  they  can  be  used  to  carry  genes 
into  cells  In  which  they  may  be  fully 
expressed  as  well  as  propagated.  By 
using  specifically  designed  viral  vec- 
tors It  may  eventually  prove  possible 
to  deliver  a specific  gene  to  specific 
target  cells;  such  techniques  have  ob- 
vious medical,  economic,  and  agricul- 
tural applications  but  their  realization 
will  depend  upon  a great  deal  of  basic 
research. 

VIRAL  CLASSIFICATION  SYSTEMS  AND 

RECOMBINANT  DNA  EXPERIMENTATION 

The  group  extensively  discussed  the 
current  safety  procedures  for  holding 
and  handling  in  the  laboratory  certain 
animal  viruses,  in  particular  those 
likely  to  be  used  In  cloning  experi- 
ments in  the  foreseeable  future,  either 
as  vectors  or  as  the  sources  of  the  nu- 
cleic acids  to  be  cloned.  Inevitably  the 
recommended  safety  measures  for 
using  animal  (and  plant)  viruses  in  re- 
search vary  from  country  to  country. 
In  the  context  of  recombinant  DNA 
research,  which  Involves  a novel  set  of 
circumstances,  none  of  the  available 
classifications  of  viruses  according  to 
the  risks  they  pose  is  entirely  satisfac- 
tory. A list  of  animal  viruses  was 
therefore  prepared  and  the  viruses 


were  ranked  according  to  their  known 
hazard  on  the  basis  of;  (a)  The  sever- 
ity of  human  disease  that  they  can 
cause,  particularly  in  persons  exposed 
in  the  laboratory;  (b)  their  potential 
for  infecting  laboratory  workers;  (c) 
the  risk  that  a laboratory  infection 
might  result  in  spread  to  the  commu- 
nity; and  (d)  the  impact  such  spread 
might  have  on  the  community  or  envi- 
ronment (table  1).  In  this  list  four  bac- 
teria and  one  rickettsial  agent  with 
different  pathogenic  potentials  have 
also  been  included  as  a frame  of  refer- 
ence for  the  22  viruses  Identified.  Be- 
cause of  time  constraints,  many 
animal  viruses,  particularly  those  of 
agricultural  and  veterinary  impor- 
tance. were  not  included  in  the  table. 
Although  not  comprehensive,  the  list 
contains  most  of  those  animal  viruses 
that  have  been  previously  mentioned 
In  the  context  of  recombinant  DNA 
experiments. 

This  list  can  also  serve  the  very 
useful  function  of  a reference  scale,  fa- 
miliar to  both  microbiologists  and  cli- 
nicians. for  expressing  the  degree  of 
concern  that  a given  conjectural 
hazard  may  engender,  by  comparison 
to  a known  biohazard. 

CLONING  VIRAL  DNA'S  IN  E.  COLI  K-ll 

The  cloning  of  viral  DNA’s  and 
cDNA's  in  E.  coli  K 12  using  EK1  and 
EK2  plasmid  and  lambda  phage  vec- 
tors was  discussed  in  light  of  the  con- 
clusions of  the  Falmouth  meeting  that 
E.  coli  K-12  is  not  pathogenic  and 
does  not  efficiently  colonize  the  verte- 
brate digestive  tract  (Oorbach.  1978). 
Not  for  want  of  trying,  the  partici- 
pants were  unable  to  envisage  a se- 
quence of  events  which  could  occur 
with  significant  probability  that  would 
allow  E.  coli  carrying  either  whole 
DNA  genomes  of  certain  viruses  or 
subgenomlc  fragments  of  virtually  any 
virus  to  lead  to  disease.  The  question 
was  also  raised  as  to  whether  or  not,  in 
the  extremely  remote  possibility  that 
all  of  the  biological  and  physical  con- 
tainment barriers  broke  down.  Intesti- 
nal bacteria  carrying  cloned  whole 
viral  genomes  might  bypass  the  natu- 
ral barriers  to  infection  by  the  virus 
particle.  As  summarized  in  the  follow- 
ing section,  the  group  concluded  that 
the  probability  that  K-12  organisms 
carrying  viral  DNA  Inserts  could  repre- 
sent a significant  hazard  to  the  com- 
munity was  so  small  as  to  be  of  no 
practical  consequence. 

Risk  assessment  analysis  for  cloning 
viral  DNA  in  E.  coli  K-12.'  The  follow- 
ing is  a summary  of  the  workshop  dis- 
cussions dealing  with  possible  mecha- 
nisms of  risk  resulting  from  the  clon- 
ing of  genetic  material  of  eukaryotic 
viruses  (i.e.,  viruses  of  animals,  plants. 


'This  portion  of  the  report  was  prepared 
subsequent  to  the  U.S.-EMBO  workshop  by 
Drs.  Martin  and  Rowe. 


or  lower  eukaryotes)  in  E.  coli  vector 
systems. 

We  started  with  the  extremely  un- 
likely "worst  case"  assumption  that  a 
recombinant  molecule  containing  eu- 
karyotic viral  genome  sequences  has  in 
some  way  become  established  in  wild 
type  E.  coli  and  has  thereby  become 
disseminated  throughout  the  bowel 
flora  of  vertebrates.  Given  this  hypo- 
thetical set  of  conditions,  what  conse- 
quences could  be  envisaged?  For  the 
purposes  of  analysis  the  discussions  fo- 
cused on  two  issues. 

First:  The  mechanisms  by  which  the 
viral  nucleic  acid  might  gain  access  to 
cells  of  the  host;  and 

Second:  The  nature  of  the  inserted 
viral  sequences. 

Access  of  the  viral  genome  to  cells  of 
the  vertebrate  host  might  conceivably 
result  from  virus  particles  formed 
within  the  bacterium  or  from  release 
of  viral  nucleic  acid  into  the  proximity 
of.  or  into,  host  cells;  this  could  occur 
either  in  the  intestine  or  at  the  site  of 
extralntestlnal  E.  coli  Infection. 

Production  of  infectious  virus  parti- 
cles by  bacteria  carrying  the  recombin- 
ant DNA  molecules  was  considered  to 
be  virtually  impossible,  regardless  of 
the  completeness  of  the  viral  genome 
or  the  nature  of  the  eukaryotic  virus 
from  which  it  was  derived.  The  basis 
for  this  high  degree  of  assurance  is  in 
large  part  our  great  understanding  of 
the  molecular  biology  of  virus  replica- 
tion. The  nature  of  regulation  of  gene 
expression  In  prokaryotes  is  clearly 
different  from  that  in  eukaryotes  as 
particularly  exemplified  by  the  ab- 
sence in  prokaryotes  of  RNA  splicing 
mechanisms  (Berget  el  al..  1977;  Aloni 
et  al..  1977;  Lavl  and  Groner.  1977; 
Mellon  and  Duesberg.  1977;  Chow  et 
al..  1977;  Klessig,  1977;  Dunn  and  Has- 
sell. 1977),  RNA  capping  (Moore.  1966; 
Stavis  and  August.  1970;  Blattner  and 
Dahlberg,  1972;  Matzels.  1973;  Wei  and 
Moss,  1975;  Furuichi  et  al.,  1975a; 
Keith  and  Fraenkel-Conrat.  1975; 
Abraham  et  al.,  1975;  Furuichi  et  al., 
1975b;  Dubln  and  Taylor,  1975;  Perry 
and  Scherrer,  1975;  Moss  and  Koczot, 
1976)  and  differences  in  messenger 
RNA  biogenesis.  polyadenylatlon 
(Kates  and  Beeson.  1970;  Darnell  et 
al.,  1971;  Mendecki  et  al..  1972;  Phllip- 
son  et  al.,  1971;  Weinberg  et  al..  1972; 
Ehrenfeld  and  Summers.  1972;  Prid- 
gen and  Kingsbury.  1972),  and  riboso- 
mal  binding  sites  (Shine  and  Dalgamo, 
1974;  Steitz  and  Jakes.  1975;  Hagen- 
buchle  et  al..  1978).  The  expression  of 
animal  viral  mRNA  in  E.  coli  transla- 
tion systems  Is  not  accurate;  in  one 
well  studied  system,  poliovirus,  inter- 
nal initiation  signals  are  read  which 
result  in  premature  chain  termination 
(Rekosh  et  al..  1970).  Thus  neither  the 
synthesis  of  proper  mRNA  nor  its 
translation  into  viral  protein  is  likely 
to  occur  in  E.  coli. 
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Virus  replication  requires  the  regu- 
lated and  coordinated  function  of  mul- 
tiple enzyme  systems  derived  from 
both  the  host  and  the  viral  genomes;  it 
seems  most  unlikely  that  any  prokar- 
yote contains  the  complement  of  en- 
zymes required  for  the  synthesis  of  an 
infectious  animal  virus.  Animal  viruses 
have  evolved  to  be  adapted  to  replica- 
tion in  eukaryotic  cells;  except  for  the 
instances  where  they  have  coevolved 
to  replicate  in  insect  vectors,  animal 
and  plant  viruses  show  a high  degree 
of  specificity  for  cells  of  a particular 
class  or  species  of  host  cell  or  even  a 
particular  differentiated  cell  type. 
Further,  there  is  no  verified  example 
of  the  replication  of  a virus  of  eukar- 
yotes in  bacteria  or  conversely,  the 
replication  of  a bacterial  virus  in  any 
eukaryote.  Consequently,  since  it  was 
not  considered  possible  for  recombin- 
ant DNA  containing  a viral  chromo- 
some tc  produce  intact  virus  particles 
in  E.  coli,  the  group  felt  secure  in  fo- 
cusing on  models  involving  host  cell 
exposure  to  viral  nucleic  acid  rather 
than  viral  particles. 

In  a model  in  which  recombinant 
DNA-containing  organisms  are  con- 
fined to  the  lumen  of  the  intestine, 
the  possibility  of  viral  RNA  or  DNA 
gaining  access  to  mucosal  cells  is  ex- 
tremely remote.  First:  The  large 

amounts  of  nucleases  in  the  intestinal 
contents  would  rapidly  destroy  the  re- 
combinant molecules  IMaturin  and 
Curtiss.  Is*?':;.  Second;  The  efficiency 
•of  infection  of  cells  by  viral  nucleic 
acid  molecules,  even  in  the  presence  of 
chemical  potentiators,  is  extremely 
low,  both  in  vitro  and  in  vivo  lElllem 
and  Colter,  1961;  Amstey  and  Park- 
man,  1956;  McCutchan  and  Pagano, 
1968:  Graham  and  van  der  Eb,  1973; 
Israel  et  ah,  1978a,.  Third:  Since 
animal  experiments  indicate  that  po- 
lyoma viral  I >NA  cannot  initiate  infec- 
tion when  administered  by  the  oral  or 
nasal  routes  (Israel  et  al.,  1978a),  it  is 
likely  that  nucleic  acids  cannot  infect 
across  mucous  membranes. 

Consequently,  the  only  model  to 
which  serious  attention  must  be  di- 
rected is  one  in  which  the  hypotheti- 
cal bacterium  carrying  the  viral  re- 
combinant DNA  gains  access  to  the 
body  tissues.  Two  cases  can  be  consid- 
ered. With  minor  transgressions  of  the 
intestinal  mucosa  that  allow  brief  pen- 
etration of  organisms  into  the  intesti- 
nal wall,  lymphaties,  or  the  protal  cir- 
culation, the  bacteria  would  be  ingest- 
ed by  phagocytes.  In  phagocytes,  bac- 
teria are  lysed  and  their  nucleic  acid  is 
released  in  the  nuclease-rich  lyso- 
somes;  the  effectiveness  of  the  lysoso- 
mal enzymes  virtual]  guarantees  that 
no  nucleic  acid  could  survive  to  cause 
infection  (Bensch  et  al„  1964;  Carrara 
and  Bernard!  [1968];  Arsenis  et  al„ 
1970). 


The  second  case,  extraintestinal  in- 
fection such  as  urinary  tract  or  surgi- 
cal wound  infection,  deserves  serious 
consideration,  but  it  must  be  pointed 
our  that  this  would  occur  in  only  a 
fraction  of  individuals.  In  this  context 
the  consequences  of  the  infection 
would  be  a function  of  the  nature  of 
the  viral  DNA  inserted  in  the  recom- 
binant DNA  molecule.  We  considered 
the  following  classes  of  DNA  inserts: 

(1)  Subgenomic  segments  of  nononco- 
genic  viruses;  (2)  transforming  seg- 
ments of  oncogenic  viruses;  (3)  cDNA 
prepared  from  the  genome  of  segment- 
ed RNA  viruses;  (4)  cDNA  copies  con- 
taining the  complete  viral  genome  of 
nonsegmented  RNA  viruses  and  (5) 
complete  DNA  viral  genomes.  The 
workshop  participants  reached  the 
conclusion  that  viral  inserts  should  be 
thought  in  terms  of  three  classes  of 
risk:  Those  for  which  there  was  no 
risk  of  a harmful  outcome,  and  those 
for  which  a possibility  of  harm,  how- 
ever remote,  could  be  envisioned.  The 
latter  were  then  divided  into  those  sce- 
narios which  may  well  in  reality  be  im- 
possible, and  those  which  are  felt  to  be 
possible. 

Those  inserts  for  which  the  group 
could  not  construct  any  realistic  harm- 
ful scenario  were:  (1)  Subgenomic  seg- 
ments of  nontransforming  RNA  or 
DNA  viruses;  (2)  cDNA  copies  from 
RNA  viruses  with  segmented  viral  gen- 
omes and  (3)  cDNA’s  of  the  complete 
genome  of  negative  strand  RNA  vir- 
uses. 

'll  Subgenomic  segments  'meaning 
small  portions  of  the  viral  genome 
lacking  genes  needed  for  replication  of 
the  virus;  of  nontransforming  viruses 
are  considered  to  be  harmless  because 
of  the  absence  of  any  known  example 
of  an  individual  viral  encoded  protein 
which  can  act  exogenously  on  cells. 
With  the  exception  of  some  glycopro- 
teins when  added  to  cell  cultures  in 
high  concentrations  (Scheid  and 
Choppin,  1974;  McSharry  and  Chop- 
pin.  1978),  viral  proteins  do  not  induce 
cell  damage  from  without. 

(2)  Reverse  transcripts  of  RNA  vir- 
uses with  segmented  genomes  cannot 
be  envisaged  as  carrying  any  risk  of 
producing  infectious  virus  even  when 
the  cDNA  is  made  from  unfractionat- 
ed nucleic  acid  preparations.  It  would 
be  virtually  impossible  to  ligate  to- 
gether a complete  DNA  copy,  and  if 
this  ever  did  occur,  we  cannot  envisage 
any  way  that  the  proper  length  RNA 
genome  segments  could  be  transcribed 
therefrom. 

(3)  Cloning  of  reverse  transcripts  of 
negative  strand  RNA  viruses  is  viewed 
as  being  free  of  risk.  With  these  vir- 
uses, the  process  of  viral  mRNA  and 
genomic  RNA  synthesis  is  complex, 
and  the  Workshop  participants  could 
not  envisage  a set  of  circumstances  in 
which  RNA  segments,  transcribed 


from  a DNA  template,  could  eventuate 
in  the  synthesis  of  progeny  virus.  This 
is  based  on  the  fact  that  the  nucleic 
acid  of  negative  strand  RNA  viruses 
(either  the  plus  or  minus  strand)  has 
never  been  shown  to  be  infectious  for 
cells  (Kingsbury,  1966:  Baltimore  et 
al.,  1970;  Wagner,  1975)  presumably 
because  of  their  unique  molecular  biol- 
ogy. Infection  by  negative  strand  vir- 
uses requires  the  activity  of  the  virion 
associated  transcriptase  (Baltimore  et 
al.,  1970;  Cormack  et  aL,  1971;  Szilagyi 
and  Pringle,  1972);  this  enzyme  cata- 
lyzes the  synthesis  of  multiple  (seg- 
mented) functional  plus  strand  mRNA 
molecules  from  the  input  minus 
strand  (Bratt  and  Robinson,  1967; 
Huang  et  al.,  1970;  Mudd  and  Sum- 
mers, 1970;  East  and  Kingsbury,  1971; 
Weiss  and  Bratt,  1976;  Freeman  et  al., 
1977).  A polypeptide  specified  by  one 
of  these  mRNAs  then  modifies  the 
virion  transcriptase  to  function  as  a 
replicase  mediating  the  synthesis  of  a 
complete  unsegmented  plus  strand  of 
RNA,  the  template  for  synthesis  of 
progeny  minus  stand  RNA  molecules. 
The  minus  strand  has  no  messenger 
function  (Huang  et  aL,  1970;  Grubman 
and  Summers,  1973;  Kingsbury,  1973; 
Morrison  et  al„  1974).  Thus,  to  initiate 
the  infectious  process  both  a full 
length  RNA  transcript  (to  serve  as 
template)  and  the  segmented  plus 
strand  transcripts,  capped  for  function 
as  mRNA,  would  be  required.  This 
would  necessitate  either  the  transcrip- 
tion of  both  DNA  strands  by  cellular 
RNA  polymerase  or  the  synthesis  of  a 
full  length  transcript  as  well  as  prop- 
erly terminated,  segmented  transcripts 
from  the  minus  strand  DNA.  These 
are  obviously  extremely  unlikely 
events. 

There  were  two  classes  in  which  it 
was  considered  that  a risk  scenario 
might  be  constructed  but  which  might 
indeed  be  impossible;  these  involve  the 
cloning  of  the  transforming  segments 
of  DNA  viruses  or  of  transforming  re- 
troviruses, and  the  cloning  of  complete 
reverse  transcripts  of  plus-strand  RNA 
■viruses.  The  model  involving  subgeno- 
mic, transforming  segments  postulates 
release  of  recombinant  DNA  molecules 
by  lysis  of  E.  coli  in  the  tissues,  and  in- 
tegration of  the  transforming  gene 
segment  into  the  DNA  of  host  cells. 
While  this  eventuality  cannot  be  ruled 
out,  it  was  considered  to  have  a very 
low  probability  in  view  of  the  ineffi- 
ciency of  transforming  cells  with  viral 
nucleic  acid  (Aaronson  and  Martin, 
1970;  Graham  et  al.,  1974;  Abrahams 
et  al.,  1975)  and  the  fact  that  integra- 
tion of  transforming  DNA  would  occur 
in  only  a few  cells  in  any  one  individu- 
al and,  in  the  presence  of  competent 
immuno-  surveillance,  would  be  most 
unlikely  to  result  in  a tumor  (Habel, 
1961;  Sjogren,  1964;  Sjogren  et  al„ 
1967;  Costa  et  al.,  1977).  Transplanta- 
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Cion  studies  with  primary  tumors  and 
transformed  tissue  culture  cells  indi- 
cate that  large  numbers  of  cells  are  re- 
quired to  initiate  tumor  growth;  in 
general,  only  after  adaptation  effected 
by  long  passage  in  animals  do  small 
numbers  of  cells  produce  tumors  (Sjo- 
gren. 1964;  Klein,  1975).  In  this  regard, 
it  should  be  noted  that  there  Is  over- 
whelming evidence  that  humans  are 
highly  effective  In  averting  tumorigen- 
esis  by  DNA  viruses.  Man.  and  many 
other  vertebrates  as  well,  are  infected 
repeatedly  with  DNA  viruses  (e.g..  pa- 
povaviruses  and  adenoviruses)  that 
contain  the  transforming  regions  dis- 
cussed above  (Huebner  et  al..  1954; 
Hllleman.  1957;  Shah  et  al..  1973;  Pad- 
gett and  Walker.  1973;  Brown  et  al.. 
1975;  Shah  and  Nathanson.  1976). 
Some  of  these  viruses  are  even  known 
to  Induce  tumors  in  laboratory  ro- 
dents. yet.  despite  intensive  search, 
none  of  these  has  been  reproduclbly 
associated  with  the  etiology  of  any 
malignancy  In  humans  (Mackey  et  al.. 
1976;  Piori  and  DiMayorca.  1976;  Wold 
et  al..  1978;  Israel  et  al..  1978b  >. 

The  risk  scenario  whereby  a cDNA 
transcript  of  a positive  strand  RNA 
virus  leads  to  Infection  of  the  host  was 
considered  to  have  a finite  but  low 
probability.  In  this  model,  extralntes- 
tinal  Infection  by  the  bacterium  carry- 
ing the  recombinant  DNA  results  In 
the  recombinant  DNA  molecule,  or 
plus  strand  RNA  transcripts  thereof, 
entering  Into  host  cells  with  resultant 
productive  viral  Infection.  Neither  car- 
ries a risk  if  the  cDNA  Insert  Is  not  a 
complete  copy  of  the  RNA  genome. 
Unless  a deliberate  attempt  Is  made  to 
select  full-length  cDNA  molecules  for 
ligation  to  prokaryotic  DNA  vectors, 
the  vast  majority  of  recombinant  DNA 
molecules  will  contain  only  a segment 
of  viral  specific  DNA  and.  as  a conse- 
quence. the  likelihood  of  cloning  the 
whole  genome  will  be  low. 

The  major  block  to  synthesis  of  in- 
fectious RNA  from  the  recombinant 
DNA  molecule  either  in  the  prokaryo- 
tic or  eukaryotic  cell  would  be  the  in- 
accurate Initiation  of  transcription. 
There  is  no  reason  to  believe  that  the 
5 terminus  of  the  viral  genome  would 
generate  a binding  site  for  either  pro- 
karyotic or  eukaryotic  RNA  polymer- 
ases following  reverse  transcription 
into  DNA.  Rather.  RNA  synthesis 
would  be  Initiated  either. 

(1)  Internally,  by  a random  Initi- 
ation process  which  would  yield  nonin- 
fectious  molecules; 

(3)  Upstream,  either  at  a prokaryotic 
promoter  or  at  a random  initiation 
site,  in  the  eukaryotic  cell  which 
would  generate  a leader  sequence  lack- 
ing the  appropriate  recognition  signals 
for  binding  to  eukaryotic  ribosomes 
(Shine  and  Dalgamo.  1974;  Steitz  and 
Jakes.  1975;  Hagenbuchle  et  al..  1978). 
To  produce  Infectious  RNA  from  such 


a primary  transcript,  a site-specific 
cleavage  would  have  to  occur; 

(3)  At  the  5 terminus  by  random  ini- 
tiation. but  this  undoubtedly  would  be 
an  extremely  rare  event. 

Any  full-length  plus  strand  transcripts 
synthesised  in  E.  coli  would  have  to 
escape  degradation  by  extracellular  ri- 
bonucleases  following  their  release 
from  bacteria  and  then  Initiate  an  in- 
fection in  a sensitive  cell,  which,  under 
the  best  conditions  in  the  laboratory, 
is  an  extremely  inefficient  process 
(Ellem  and  Colter.  1961). 

Further  studies  of  this  type  of  viral 
DNA  Insert  would  clearly  be  desirable. 

The  cloning  of  the  complete  genome 
of  DNA  viruses  (Including  proviral 
forms  of  retroviruses)  prorides  a sce- 
nario felt  to  carry  a finite  probability 
of  risk,  but  this  too  is  considered  ex- 
tremely low.  Since  viral  DNA  mole- 
cules are  generally  infectious,  any  situ- 
ation in  which  the  complete  viral 
genome,  without  deletion  or  substitu- 
tion. is  excised  from  the  recombinant 
molecule  could  conceivably  lead  to  in- 
fection. In  particular,  circular  DNA 
genomes,  cleaved  with  a single  cut  re- 
striction enzyme  and  ligated  to  a pro- 
karyotic vector,  provide  such  a condi- 
tion; however,  for  accurate  excision 
one  must  postulate  the  unlikely  even- 
tuality of  the  recombinant  molecule 
being  brought  in  contact  with  the 
same  restriction  enayme  used  during 
the  Insertion  of  the  DNA  segment  into 
the  vector.  Complete  viral  genomes 
could  also  be  generated  from  a recom- 
binant molecule  in  the  case  of  oli- 
gomers of  viral  DNA  inserts;  a com- 
plete copy  of  the  viral  DNA  could  then 
be  generated  by  Intramolecular  recom- 
bination. Full  length  linear  DNA  mole- 
cules inserted  into  a vector  by  oligo 
dA-oligo  <JT  tailing  or  by  addition  of 
other  linker  molecules  would  be  un- 
likely to  excise  accurately  terminating 
genomes. 

Given  that  it  is  conceptually  possible 
to  generate  Infectious  molecules  from 
recombinant  DNA  containing  the  com- 
plete genome  of  DNA  viruses,  it  is  im- 
portant to  assess  the  factors  that 
would  result  in  such  Infectious  DNA 
causing  disease.  The  probability  that 
the  excised  molecules  would  infect 
host  cells  is  of  course  relatively  low  in 
view  of  the  inefficiency  of  infection  by 
naked  DNA  (Ito.  1960:  Burnett  and 
Harrington.  1968;  McCutchan  and 
Pagano.  1968;  Mayne  et  al..  1971; 
Graham  and  van  der  Eb.  1973:  Sol  and 
van  der  Noordaa,  1977).  Another  im- 
portant factor  in  such  a scenario  is  the 
susceptibility  of  neighboring  cells  to 
the  virions  produced  by  a cell  infected 
with  the  infectious  DNA.  If  the  sur- 
rounding cells  were  not  sensitive  to 
the  virus  itself,  the  initially  infected 
cell,  producing  virions,  could  not 
spread  this  infection  to  other  cells  or 
tissues:  in  the  absence  of  virus  spread 


there  would  be  no  risk  other  than  the 
possible  transformation  of  a small 
number  of  cells,  in  the  case  of  onco- 
genic viruses,  as  discussed  above.  Only 
if  the  host  was  sensitive  to  the  virus 
would  spread  occur;  this  would  not  be 
different  from  infection  with  the  virus 
itself  and  would  not  generally  repre- 
sent a unique  biohazard.  Futher  study 
of  this  type  of  viral  DNA  insert  would 
be  extremely  useful. 

Recapitulation.  It  should  be  noted 
that  these  model  scenarios  were  not 
constructed  from  an  anthropocentric 
viewpoint,  but  apply  generally  to  any 
model  in  which  vertebrates  are  colo- 
nized by  the  E.  coli  carrying  the  re- 
combinant molecule. 

To  recapitulate,  even  assuming  a 
worst  case  situation,  this  analysis 
leads  us  to  conclude  that  cloning  the 
subgenomic  segments  of  nononcogenic 
viruses,  the  complete  genome  of  nega- 
tive strand  RNA  viruses,  and  any  part 
of  the  genome  of  segmented  viruses 
carries  no  risk  of  generating  a bioha- 
zard. Second;  It  is  possible  to  construct 
conceivable  but  extremely  unlikely 
sets  of  circumstances  resulting  in  a 
biohazard  from  the  cloning  of  the 
transforming  segment  of  oncogenic 
viruses.  And.  third:  It  is  possible  to  en- 
visage feasible  biohazard  scenarios 
from  cloning  of  the  complete  genome 
of  DNA  viruses  or  the  entire  genome 
of  plus  strand  RNA  viruses  but  even 
these  carry  little  possibility  of  risk. 
When  this  analysis  is  combined  with 
the  Immense  unlikelihood  of  generat- 
ing this  worst  case  scenario  in  the  first 
place,  given  good  laboratory  practice 
and  the  safety  Inherent  in  use  of  ap- 
proved E.  coli  K-12  host-vector  sys- 
tems (Gorbach.  1978),  the  group  felt 
strongly  justified  in  concluding  from 
available  scientific  information  that 
viral  genomes  or  fragments  thereof, 
cloned  in  E.  coli  K-12  using  approved 
plasmid  or  phage  vectors  pose  no  more 
risk  than  work  with  the  Infectious 
virus  or  its  nucleic  acid  and  in  most,  if 
not  all  cases,  clearly  present  less  risk. 
In  fact,  the  Workshop  participants 
agreed  that  cloning  of  viral  DNA  in  E. 
coli  K-12  may  provide  a unique  oppor- 
tunity to  study  with  greatly  reduced 
risks  the  biology  of  extremely  patho- 
genic and  virulent  viruses. 

The  group  also  agreed  that  the  clon- 
ing of  cDNA  copies  of  viroids  in  E.  coli 
K-12  should  be  postponed  until  more 
information  is  available  about  their 
molecular  and  cellular  biology. 

Recommendation.  Based  on  these 
considerations  the  participants  of  the 
U.S.-EMBO  Workshop  concluded  that 
the  use  of  P2  (NIH  guidelines)  or  Cl 
(Williams  report)  containment  meas- 
ures. in  conjunction  with  an  EK1  host- 
vector  system  should  provide  adequate 
containment  for  cloning  any  viral 
genome  or  fragment  thereof  and  rec- 
ommended this  as  the  minimum  con- 
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tainment  levels  for  recombinant  DNA 
experiments  involving  eukaryotic  viral 
DNA  inserts.  However,  if  the  virus 
itself  must  be  handled  at  higher  levels 
of  physical  containment  it  seems  pru- 
dent at  the  present  time  to  use  the 
more  stringent  containment  condi- 
tions. It  was  emphasized  that  contain- 
ment practices  must  include  adequate 
training  and  the  use  of  high  quality 
microbiological  technique. 

EXPERIMENTS  WITH  EUKARYOTIC  HOST- 
VECTORS 

1.  Vertebrate  host-vector  systems  in 
which  viral  DNA  vectors  are  used  to 
propagate  other  DNA  segments. 

The  workshop  participants  endorsed 
the  portion  of  the  NIH  guidelines  that 
describes  the  features  required  for  an 
animal  virus  to  be  used  as  a cloning 
vector  (i.e.,  the  first  portion  of  section 
III. B. 3. a.  of  the  draft  version,  revised 
NIH  guidelines  for  recombinant  DNA 
research).  The  following  is  our  recom- 
mended version  of  this  section: 

Because  this  work  will  be  done  almost  ex- 
clusively in  tissue  culture  cells,  which  have 
no  capacity  for  propagation  outside  the  lab- 
oratory, the  primary  focus  for  containment 
is  the  vector;  It  should  be  pointed  out  that 
the  risk  of  laboratory  acquired  infection  as 
a consequence  of  tissue  culture  manipula- 
tions is  very  low.  Given  good  microbiological 
practices,  the  most  likely  mode  of  escape  of 
recombinant  DNAs  from  a physically  con- 
tained laboratory  is  carriage  by  an  infected 
human:  thus  the  vector  with  an  inserted 
DNA  segment  should  have  little  or  no  abili- 
ty to  replicate  or  spread  in  humans.  Fur- 
ther, a recombinant  virus  should  not  inad- 
vertently pose  a threat  to  any  species. 

For  use  as  a vector  in  a vertebrate  host 
cell  system,  an  animal  viral  DNA  molecule 


ideally  should  display  the  following  proper- 
ties: 

(a)  It  should  not  consist  of  the  whole 
genome  of  any  agent  that  Is  Infectious  for 
humans  or  that  replicates  to  a significant 
extent  In  human  cells  in  tissue  culture. 

(b)  It  should  be  derived  from  a virus 
whose  epidemiological  behavior  and  biologi- 
cal properties  are  well  understood. 

(c)  Its  functional  anatomy  should  be 
known— that  Is,  there  should  be  a clear  idea 
of  the  location  within  the  molecule  of: 

(1)  The  sites  at  which  DNA  synthesis  origi- 
nates and  terminates: 

(ii)  The  sites  that  are  cleaved  by  restric- 
tion endonucleases; 

(iil)  The  template  regions  for  the  major 
gene  products. 

(d)  It  should  be  defective  when  carrying 
an  inserted  DNA  segment:  that  is,  propaga- 
tion of  the  recombinant  DNA  as  a virus 
must  be  dependent  upon  the  presence  of  a 
complementing  helper  genome.  In  almost 
all  cases  this  condition  would  be  achieved 
automatically  by  the  manipulations  used  to 
construct  and  propagate  the  recombinants. 
In  addition,  the  amount  of  DNA  encapsulat- 
ed in  the  particles  of  most  animal  viruses  is 
defined  within  fairly  close  limits.  The  inser- 
tion of  sizeable  foreign  DNA  sequences, 
therefore,  generally  demands  a compensa- 
tory deletion  of  viral  sequences.  It  may  be 
possible  to  introduce  very  short  insertions 
(50-100  base  pairs)  without  rendering  the 
viral  vector  defective.  In  such  a situation, 
the  requirement  that  the  viral  vector  be  de- 
fective is  not  necessary. 

If  possible  the  helper  virus  genome 
should: 

(1)  Be  integrated  into  the  genome  of  a 
stable  line  of  host  cells  (a  situation  that 
would  effectively  limit  the  growth  of  the 
vector  recombinant  to  such  cell  lines):  or 

(ii)  Consist  of  a defective  genome,  or  an 
appropriate  conditional  lethal  mutant  virus, 
making  vector  and  helper  dependent  upon 
each  other  for  propagation. 

However,  neither  of  these  stipulations  is  a 
requirement. 


The  group  discussed  at  length  the 
possibility  that  use  of  eukaryotic  vec- 
tors under  these  conditions  could  pose 
a threat  to  the  community  or  environ- 
ment, but  could  not  envisage  a plausi- 
ble set  of  circumstances  whereby  a 
risk  to  the  community  could  develop. 
Given  the  extent  of  the  genetic  dele- 
tion required  to  satisfy  the  conditions 
stated  above  and  in  table  2,  and  the 
constraints  that  encapsidation  places 
on  the  size  of  an  inserted  gene  seg- 
ment, the  workshop  participants  saw 
no  way  that  the  experiments  could 
generate  a competent  virus  containing 
new  genetic  information  sufficient  to 
code  for  a functional  gene  product. 
The  group  tried  to  conceive  of  ways  by 
which  a recombinantional  event  be- 
tween the  defective  recombinant 
genome  and  the  helper  genome  or  the 
genome  of  an  indigenous  virus  in  an 
exposed  laboratory  worker  might  gen- 
erate nondefective  viral  recombinants, 
but  as  mentioned,  was  unable  to  iden- 
tify any. 

The  possibility  that  a defective  re- 
combinant genome  might  be  main- 
tained in  nature  through  complemen- 
tation by  a helper  virus  was  considered 
too  unlikely  to  be  a cause  for  concern, 
given  the  absence  of  any  precedent  in 
animal  virology.  The  group  considered 
the  adeno-associated  viruses,  which 
are  defective  parvoviruses  maintained 
in  nature,  to  be  a unique  case  in  that 
they  are  known  to  integrate  into  host 
cells  and  to  have  at  least  33  different 
potential  helpers  (human  adenovir- 
uses) available. 

Having  considered  the  use  of  the 
genomes  of  different  DNA  animal  vir- 
uses to  propagate  DNA  sequences 
from  different  sources,  the  group  pro- 
posed the  following  recommendations: 


TABLE  2 


Viral  Vector  ENA 

polyana  virus  — all  or  part 

SV40  — unconditionally 
defective  by  deletion  of 
all  or  part  of  the  sequences . 
of  any  of  the  genes 

adenoviruses  2 and  5 — 
incapacitated  by  deletion  of 
at  least  two  capsid  genes 

marine  adenovirus  strain 
FL  — all  or  part+ 

Herpes  simplex  virus  — 
incapacitated  by  a large 
deletion 


Precaution  Level  Depending 
Source  of  Foreign 

on 

prokaryotic 

eukaryotic 

viral 

L or  M 

L 

etc 

L or  M 

M 

etc 

L or  M 

L 

etc 

L or  M 

L 

CbC 

etc 

etc 

etc 
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L corresponds  to  a containment  level 
approximately  equivalent  to  P2. 

Si  corresponds  to  a containment 
level  approximately  equivalent  to  P3. 

Prokaryotic  sequences  that  are 
known  not  to  contain  toxigenic  genes 
may  be  cloned  In  L conditions:  other- 
wise M conditions  should  be  used. 

+ Before  this  viral  DNA  can  be  used 
as  a vector,  further  information  is  re- 
quired about  its  host-range,  particular- 
ly Its  interactions  with  cultured  pri- 
mate cells. 

CbC  these  experiments  should  be  as- 
sessed by  the  appropriate  committees 
on  a Case  by  Case"  (CbC)  basis. 

The  group  recommended  that  fur- 
ther work  on  the  biological  properties 
of  recombinants  formed  between  the 
genomes  of  two  animal  viruses  should 
be  carried  out  as  a matter  of  some  im- 
portance. The  workshop  participants 
discussed  the  possibility  that  new  viral 
agents  might  be  created  with  novel 
biological  properties  (e.g.  host  range, 
tissue  troplsm.  pathogenicity)  not 
found  in  either  parent.  Several  model 
experiments  were  proposed  to  test  this 
possibility.  The  group  recommended 
that  research  In  this  area  proceed  cau- 
tiously with  each  case  being  consid- 
ered on  its  Individual  merits  and  even 
if  the  model  experiments  suggest  little 
cause  for  concern,  continued  careful 
surveillance  of  new  recombinants 
should  be  maintained. 

1.  Vertebrate  host-vector  systems  in 
icAicA  recombinant  DNAs  are  used  to 
transform  cells.  In  these  types  of  ex- 
periments viral  DNAs  carrying  a for- 
eign DNA  segment  will  be  used  to 
transform  cells  in  culture  and  in  the 
process.  Integrate  the  recombinant 
DNA  into  the  host  cell  chromosome. 
Some  transformation  systems  are  non- 
permissive  for  progeny  virus  produc- 
tion and  pose  no  possibility  of  produc- 
ing laboratory  Infections.  Other  trans- 
formation systems  are  semi -permissive 
and.  in  addition  to  the  appearance  of 
transformed  cells,  allow  the  produc- 
tion of  low  titers  of  Infectious  virus. 

When  recombinant  DNAs  are  used 
to  transform  cells  which  do  not  yield 
significant  quantities  of  Infectious 


virus  ( e.g  SV40  in  murine  cells,  po- 
lyoma virus  in  rat  or  hamster  cells, 
adenovirus  2 and  5 in  rat  cells)  L con- 
ditions are  generally  sufficient;  for  vir- 
uses which  do  not  infect  humans, 
there  need  be  no  requirement  that  the 
vector  be  disabled.  Si  conditions 
should  be  used  if  the  system  is  semi- 
permissive  <Le..  virus  is  produced,  in 
low  titer)  and  the  virus  is  capable  of 
infecting  humans  (e  g SV40  in  human 
cell  cultures).  It  was  agreed  that  the 
DNA  to  be  cloned  must  not  be  derived 
from  another  animal  virus. 

The  use  of  viral  genes  as  selective 
markers  offers  exciting  and  important 
possibilities  for  experiments  involving 
cloning  in  eukaryotic  cells.  Possibly 
the  best  of  such  markers  would  be  the 
herpes  simplex  virus  thymidine  kinase 
gene  We  recommend  that  special  em- 
phasis be  given  to  cloning  in  prokaryo- 
tic systems  a small  fragment  ( < 5KB) 
of  herpes  viral  DNA  which  contains 
the  sequences  of  this  gene.  Once  avail- 
able. the  purified  segment  could  be  li- 
gated to  any  chosen  piece  of  DNA  and 
cells  transformed  by  the  recombinant 
could  easily  be  selected  by  virtue  of 
the  presence  of  thymidine  kinase. 

3.  Baculoviruses  as  vectors.  The 
group  discussed  the  use  of  baculovir 
uses  (large  DNA  -con  taming  insect  vir 
uses)  for  cloning  genes  In  Invertebrate 
cells  and  concluded  that  our  knowl- 
edge of  the  molecular  and  cellular  bi- 
ology of  these  viruses  Is  too  limited  to 
allow  any  general  recommendations. 
Proposals  to  use  these  viruses  should 
be  considered  case  by  case.  The  group 
also  recommended,  however,  that  be- 
cause of  the  potential  exploitation  of 
these  viruses  as  biological  pesticides 
(two  have  already  been  licensed  for 
this  purpose)  and  as  vectors  In  recom- 
binant DNA  experimentation,  high 
priority  should  be  given  to  studies  of 
their  basic  virology,  genetics,  and  mo- 
lecular biology. 

4.  Cauliflower  Mosaic  Virus  as  a 
vector  for  cloning  genes  in  plant  cells. 
The  only  known  plant  viruses  which 
could  serve  as  vectors  for  cloning 
genes  in  plants  and  plant  cell  proto- 
plasts are  Cauliflower  Mosaic  Virus 
(CaMV)  and  its  close  relatives,  which 


have  relaxed  circular  double  stranded 
DNA  genomes  with  a molecular  weight 
of  5x10  *.  The  genomes  of  these  viruses 
are  not  known  to  integrate  into  host 
chromosomes,  or  to  pick  up  cellular 
genes.  CaMV  is  spread  in  nature  by 
aphids,  in  which  it  survives  for  a few 
hours.  Spontaneous  mutants  of  CaMV 
that  are  not  transmitted  by  aphids 
arise  frequently;  these  mutants  fail  to 
make  a transmission  factor  essential 
for  aphid  transmission. 

The  viruses  in  the  CaMV  group  have 
narrow  host  ranges  and  are  relatively 
difficult  to  transmit  mechanically  to 
plants.  For  this  reason,  they  are  most 
unlikely  to  be  accidentally  transmitted 
from  spillage  of  purified  preparations 
of  the  virus. 

The  workshop  participants  recom 
mended  that  for  use  as  a vector  with 
Intact  plants,  a strain  should  be  select 
ed  which  is  not  transmitted  by  aphids 
The  ability  to  produce  local  lesions  in 
an  appropriate  host  would  be  an  ad- 
vantage in  maintaining  the  integrity 
of  the  strain.  The  plants  should  be 
grown  in  either  a greenhouse  or  plant 
growth  cabinet  which  is  insect -proof 
Soil,  plant  pots  and  unwanted  infected 
plant  materials  should  be  removed 
from  the  greenhouse  or  cabinet  in 
sealed  insect  proof  containers  and 
sterilized.  It  is  not  necessary  to  steril- 
ize run-off  water  from  the  infected 
plants  as  this  is  not  a plausible  route 
for  secondary  infections.  Infected 
plant  materials  to  be  used  for  further 
research,  which  have  to  be  removed 
from  the  greenhouse  or  cabinet, 
should  be  maintained  under  insect 
proof  conditions.  These  measures  pro- 
vide an  entirely  adequate  degree  of 
containment  and  are  similar  to  those 
required  in  many  countries  for  li- 
censed handling  of  "exotic"  plant  vir- 
uses. 

CaMV  or  its  DNA  may  also  be  useful 
as  a vector  to  introduce  genes  into 
plant  protoplasts.  The  fragility  of 
plant  protoplasts  combined  with  the 
properties  of  CaMV  mentioned  above 
provides  adequate  safety.  Since  the 
group  envisaged  no  risks  to  the  envi 
ronment  from  use  of  the  CaMV  proto- 
plast system,  no  special  containment 
was  recommended. 
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Appendix  E 
TABLE  1 

Risk  of  Illness  Ir.  Laboratory  Workers  end  of  Spread  of  Viruses  to  the  Environment 


Agent 

Genome 

Severity  of 
Disease  in 
Adult  Humans 

Risk  of 
Laboratory 
Infection 

Transmission 

Into 

Community  or 
Environment 

Communl ty  or 
Environmental 
Impact 

Laasa  Fever  Virus 

RNA  - Negative  strand, 

segmented 

4f 

H 

L - II 

H 

Vdriola  Virus 

ON A - Linear,  double 
stranded 

A* 

II  (If  not 
vaccinated) 

L - H 

H 

‘Ytr.jnia  £es  U s 
IPlagje  bacterium) 

A* 

H 

L - H 

L - H 

VrllJu  Fuser  Virus  (UIM  type ) 

RNA  - Positive  strand 

3 r 

H ( If  not 
vaccinated) 

Dependent  on  presence  of  vector  (h 

*Ri l:.l  r t s i a prowazfckl  (Typhus  agent) 

Jr 

II 

L 

0 

Hep  it . t Is  B Virus 

DIM  - Circular,  partially 
single  stranded 

3f 

L to  H 

L 

0 - L 

*V.b  1o  ctjixja  (Cholera  bacterium) 

2t  - 3t 

L 

L 

0 to  L 

Influenza  Virus  (Novel  epidemic  strain) 

RNA  - Negative  strand, 
segmented 

If  - 2* 

L 

H 

H 

ti->. icIr.-BjiT  Virus 

D.NA  - Linear,  double 
stranded 

2t 

L 

L 

0 

Pi'Ho  virus  (wild) 

RNA  - Positive  strand 

0-34 

L 

L 

0 to  L 

CcAScikle  Viruses 

RNA  - Positive  strand 

0-2+ 

L 

L 

0 to  L 

Herpes  simplex  virus 

DNA  - Linear,  double 
Stranded 

If 

L 

L 

0 

* Shi  gel  la  sonnel 

If 

L 

L 

0 

Vesicular  stomatitis  virus 

RNA  - Negative  strand 

If  - 2f 

H 

L 

L for  humans;  H for 
certain  animals. 

AJ«.novirus  2 or  5 

DMA  - Linear,  double 
Stranded 

0 - u 

0 - L 

L 

0 

Ace no-SV^O  Hybrid  Viruses 
(Nondefecti ve) 

ONA  - Linear,  double 
stranded 

0 - It 

0 - L 

L 

0 

Vaccinia  virus 

ONA  - Linear,  double 
stranded 

If 

L 

L 

0 

hurr.jn  Papilloma  virus 

DNA  - Circular,  double 
stranded 

If 

L 

L 

L to  0 

Influenza  Virus  (PR0) 

kHA  - Negative  strand, 
segmented 

0 

0 

0 

' 0 

*s.ic toro  1 Jos  sp. 

0 - If 

0 

L 

0 

tdeno-assuLldted  virus 

I'.IA  - Linear,  single 
stranded 

0 

L 

L 

0 

E»K  Virus 

ONA  - Circular,  double 
s trended 

0 

L 

0 

0 

Simian  Virus  40  (SV40) 

DMA  - Circular,  double 
stranded 

0 

L to  H (?) 

0 to  l(?> 

0 

Sindbls  virus  (Lab.  adapted) 

RNA  - Negative  strand** 

0 - If 

0 

Dependent  on 

presence  of  vector  (0-L) 

Scn.l  ikl  Forest  Virua 

RNA  - Negative  strand** 

0 - If 

0 

Dependent  on  presence  of  vector  (0-L) 

Rtovlrjses 

RNA  - Oouble  stranded, 
segmented 

0 

0 to  It 

0 

0 

Rous  sarcoma  virus 

RNA  (Retrovirus) 

0 

0 

0 

0 

F.ui  me  leukunla  sarcoma  viruses 

RNA 

0 

0 

0 

0 

Feline  leukemia  viruses 

RNA 

0 

0 

0 

0 

Polyc.Tij  virus 

DNA  - Circular,  double 
stranded 

0 

0 

0 

0 

4 Non-vlral  agents. 

**  EJ.  note:  This  should  read  "RNA-Posltive  strand." 

H • High  probability;  L • Low  probability. 
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Appendix  F.— Report  of  the  Virus 
Working  Group  Sponsored  by  the 
Recombinant  DNA  Advisory  Com- 
mittee 

On  April  6-7,  1978,  a working  group 
of  American  virologists  met  in  a public 
meeting  at  the  National  Institutes  of 
Health  to'  (1)  Review  the  report  of  the 
U.S.-EMBO  workshop  to  assess  risks 
for  recombinant  DNA  expriments  in- 
volving the  genomes  of  animal,  plant, 
and  insect  vectors  and  (2)  Translate 
the  conclusions  of  the  U.S.-EMBO 
report  into  recommended  physical  and 
bilogical  containment  levels  for  consid- 
eration by  the  RAC  for  incorporation 
into  the  revised  NIH  guidelines  for  re- 
combinant DNA  research.  The  19  sci- 
entists in  attendance  (see  attached 
roster)  had  expertise  in  clinical  infec- 
tious disease;  epidemiology  of  viral  dis- 
ease; medical  and  diagnostic  virology; 
the  biology  of  virus  infection;  bio- 
chemical virology;  viral  immunology; 
and  plant,  insect,  and  veterinary  vir- 
uses. Six  of  the  participants  (Drs. 
Ginsberg,  Choppin,  Martin,  Rowe, 
Summers,  and  Wagner)  had  attended 
the  U.S.-EMBO  workshop. 
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REVIEW  or  THE  U.S.-EMBO  WORKSHOP 
REPORT 

The  working  group  discussed  the 
U.S.-EMBO  workshop  report  section 
by  section  and  recommended  the  fol- 
lowing amendments: 

(1)  Page  10,  line  17— delete  "then 
modifies"  and  insert  "Is  thought  to 
modify.’’ 

(2)  Page  16.  lines  6-8— The  working 
group  did  not  understand  the  scientif- 
ic basis  behind  this  short  paragraph 
which  singled  out  viroids  from  other 
RNA  plant  viruses  and  which  would 
postpone  work  in  this  area.  Deletion  of 
these  three  lines  was  recommended 
following  a discussion  about  the  poten- 
tial risks  attending  the  cloning  of 
cDNA  copies  of  viroids  in  E col i K12. 

(3)  Table  1. 

(a)  Yellow  fever  virus— Add  ”L  (if 
vaccinated)"  under  Risk  of  Laboratory 
Infection  and  change  "(H)"  to 

under  Community  or  Environmental 
Impact. 

(b)  Epstein  Barr  Virus— Change 

"2  + " to  ”0-2  ♦ " under  Severity  of 
Human  Disease. 

After  reviewing  the  U.S.-EMBO 
report  the  working  group  unanimously 
endorsed:  (1)  The  classification  of  vir- 
uses with  respect  to  their  ability  to 
cause  disease  in  laboratory  workers 
and  their  Impact  on  the  environment; 
(2)  The  analysis  and  recommendations 
for  cloning  viral  DNA'i  in  E.  coli  K12; 
and  (3)  The  analysis  and  recommenda- 
tions tor  the  use  of  viral  DNA's  as  vec- 
tors in  eukaryotic  cells. 

IMPLEMENTATION  or  THE  U.S  -EMBO 
REPORT 

A.  Cloning  Eukaryotic  Viral  DNA  in 
E.  coli  K12  Host- Vector  Systems. 

After  considerable  discussion,  the 
working  group  recommended  physical 
and  biological  containment  conditions 
for  experiments  involving  the  cloning 
of  viral  DNA  in  E.  coli  K12  as  shown 
In  table  L The  group  classified  the 
viral  DNA  for  such  experiments  in 
three  categories:  (1)  Virion  DNA  of 
DNA  viruses;  (2)  cDNA  copies  of  virion 
RNA  of  RNA  viruses,  and  (3)  Intracel- 
lular forms  of  viral  DNA  Including  in- 
tegrated genomes,  and  DNA  from  pro- 
ductively infected  cells.  The  viral  DNA 
to  be  cloned  was  then  subclassified 
into  whether  it  represented  the  entire 
viral  genome  or  a purified  subgenomlc 
segment  thereof.  Subgenomlc  seg- 
ments were  further  subdivided  on  the 
basis  of  whether  they  contained  Intact 
transforming  genes  or  not  (see  table 
1).  In  addition,  the  working  group  also 
assigned  physical  and  biological  con- 
tainment levels  for  cDNA  copies  of  cel- 
lular mRNA's  for  each  class  of  viral 
DNA  insert  (see  table  1). 

1.  In  Its  deliberations,  the  working 
group  was  impressed  with  the  safe- 
guards afforded  by  a ban  on  mouth-pi- 
petting for  recombinant  DNA  experi- 


ments Involving  E.  coli  K12  host-vec- 
tors. The  group  felt  that  the  only 
plausible  way  E.  coli  K12  could  gain 
entry  into  laboratory  workers  was  by 
oral  Ingestion.  The  analysis  contained 
in  the  U.S.-EMBO  report  was  predi- 
cated on  the  remote  possibility  that  E. 
coli  K12.  containing  eukaryotic  viral 
DNA.  would  be  swallowed  and  the 
viral  DNA  insert  would  be  delivered  to 
a tissue  in  the  body  which  ordinarily 
would  be  inaccessible  to  the  virus.  A 
prohibition  of  mouth  pipetting  would 
clearly  prevent  this  sequence  of  events 
from  even  beginning.  The  working 
group  therefore  recommended  that  no 
mouth  pipetting  be  allowed  at  any 
level  of  physical  containment  (includ- 
ing PI)  when  working  w ih  E.  coli 
K12. 

2.  The  group  was  struck  by  the  in- 
herent safety  afforded  by  nonmobill- 
zable  plasmids  and  felt  they  represent- 
ed an  additional  level  of  containment 
when  used  with  E.  coli  K12.  Accord- 
ingly. the  working  group  recommend- 
ed the  use  of  E.  coli  K12  in  conjunc- 
tion with  non-moblllzable  plasmid  vec- 
tors (referred  to  in  table  1 as  EK1NM) 
for  several  categories  of  experiments. 

3.  The  virus  working  group  exten- 
sively discussed  the  use  of  class  III 
(CDC)  and  "moderately  oncogenic" 
(NCI)  viral  DNA’s  In  E.  coli  K12  host 
vector  systems.  The  group  concluded 
that  vesicular  stomatitis  virus  (VSV), 
which  is  a widely  studied  negative- 
strand  RNA  virus,  is  classified  as  a 
class  III  agent  because  of  its  ability  to 
produce  disease  in  animals:  VSV  is  not 
an  important  human  pathogen  (see 
table  1 of  U.S -EMBO  report).  The 
working  group  agreed  that  VSV  pos- 
sessed all  of  the  safety  features  of 
other  negative-strand  RNA  viruses 
(see  U.S.-EMBO  report)  and  strongly 
recommended  that  cloning  of  VSV 
cDNA  be  permitted  because  of  Its  im- 
portance as  a model  virus  in  studies  of 
the  molecular  biology  of  virus  Infec- 
tion. The  working  group  also  consid- 
ered the  9 viruses  classified  as  moder- 
ately oncogenic  by  NCI  (Appendix  B) 
and  concluded  that  the  only  potential 
biohazard  associated  with  their  use  in- 
volved the  propagation  of  the  viruses 
themselves  during  the  preparation  of 
reagents/substrates  for  use  in  recom- 
binant DNA  experiments.  None  of 
these  agents  produces  human  disease 
or  has  been  associated  with  human 
malignancy.  The  virus  working  group 
endorsed  the  Inclusion  of  these  agents 
as  sources  of  eukaryotic  viral  DNA  for 
cloning  in  E.  coli  K12  and  recommend- 
ed that  NCI  guidelines  be  followed  for 
work  involving  the  viruses  themselves. 

B.  Viral  DNA  Vectors  in  Eukaryotic 
Cells. 

The  working  group  discussed  the 
physical  containment  levels  appropri- 
ate for  different  eukaryotic  viral  DNA 
vectors  and  prepared  a list  of  four 


animal  viruses  and  two  plant  viruses  as 
candidate  vectors.  In  each  case  the 
group  made  recommendations  regard- 
ing physical  containment  conditions 
for  productive  or  non-productive  virus- 
cell interactions.  The  virus  working 
group,  like  the  participants  of  the 
U.S.-EMBO  workshop,  were  concerned 
about  alterations  in  host  range  and 
tissue  troplsm  that  might  occur  fol- 
lowing the  insertion  of  foreign  viral 
DNA  sequences  into  eukaryotic  viral 
DNA  vectors  and  were  unable  to  speci- 
fy containment  levels  for  this  type  of 
DNA  recombinant.  The  group  agreed 
that  experiments  of  this  type  could 
yield  useful  information  about  viral 
pathogenesis  and  recommended  that 
each  be  evaluated  by  the  recombinant 
DNA  Molecule  Program  Advisory 
Commitee  on  a "case-by-case"  (CBC) 
basis.  The  working  group  also  recog- 
nized Its  inability  to  identify  all  possi- 
ble viral  vectors  and  therefore  includ- 
ed a category  which  encompassed 
other  potential  viral  DNA  vectors 
whose  use  could  also  be  evaluated  on  a 
"case-by-case"  basis. 

The  virus  working  group  regarded 
the  use  of  DNA  vectors  prepared  from 
CaMV  and  BOMV  as  posing  virtually 
no  biohazard  to  plants  or  the  ecosys- 
tem and  recommended  a minimum  of 
physical  containment.  The  group  ex- 
tensively discussed  the  use  of  baculo- 
vlrus  DNA  as  vectors,  and.  despite 
their  certification  as  registered  pesti- 
cides. considered  the  available  infor- 
mation about  their  host  range,  persis- 
tence. and  basic  biology  to  be  too  rudi- 
mentary at  the  present  time.  A "case- 
by-case"  evaluation  was  therefore  rec- 
ommended. 

The  virus  working  group  unanimous- 
ly endorsed  the  elimination  of  the  re- 
quirement pertaining  to  the  functional 
anatomy  of  viral  DNA  vectors  (page 
49602.  third  column.  (Hi))  since  these 
features  are  related  in  no  way  to  the 
inherent  safety  of  a potential  vector. 
These  criteria  for  candidate  vectors 
were  retained  in  the  final  recommen- 
dations. however,  as  desirable,  al- 
though not  required  features. 

It  should  be  noted  that  the  recom- 
mendations of  the  virus  working  group 
impact  on  two  other  sections  of  the 
Revised  Guidelines  for  Recombinant 
DNA  Research. 

(1)  Section  III  B la(l)(g)  can  be 
eliminated  because  it  is  now  covered  in 
section  III  B lb(l). 

(2)  Section  III  A should  be  amended 
to  read  "pathogenic  organisms  in 
classes  3,  4,  and  5 except  vesicular  sto- 
matitis virus;"  the  prohibition  of  mod- 
erate risk  oncogenic  viruses  should  be 
deleted. 

The  recommendations  made  by  the 
virus  working  group  were  based  on  the 
best  and  most  current  available  scien- 
tific considerations.  The  containment 
levels  proposed  for  cloning  eukaryotic 
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viral  DNA  inserts  in  prokaryotic  sys- 
tems pertain  only  to  E.  coli  K12  and 
its  derivatives.  The(  working  group 
agreed  with  the  participants  of  the 
U.S.-EMBO  Workshop  that  eukaryo- 
tic viral  genomes  clhned  in  E.  coli  K12 
posed  less  risk  in  nearly  all  cases  than 
work  with  the  infectious  virus  itself. 

Recombinant  DNA  Molecule  Program  Advi- 
sory Committee  Worldng  Group  on 
Report  of  the  U.S.-EMBO  Workshop’  to 
Assess  Risks  for  Recombinant  DNA  Ex- 
periments Involving  the  Genomes  of 
Animal,  Plant  and  Insect  Viruses,  Nation- 
al Institutes  of  Heatth,  Conference  Room 
9.  Building  31C,  Bethesda,  Md.  30034, 
April  6-7,  1978,  9 a.m> 

Ginsberg,  Dr.  Harold  S.  (Chairman],  De- 
partment of  Microbftdogy,  Columbia  Col- 
lege of  Physicians  and  Surgeons,  on  Sab- 
batical at:  Rockefeller  University.  ISO 
York  Ave.,  New  York,  NT  10021.  2*3- 
360-1977- 

Chanock,  Dr.  Robert  H.,  Chief,  Labasatoay 
of  Infectious  Diseases,  National  Institute 
of  Allergy  and  Infectious  Diseases,  Hhtlan- 
al  Institutes  of  Health,  Bethesda,  Md. 
20014,  301-496-2024. 


Choppin,  Dr.  Purnell  W„  Department  of 
Viral  and  Internal  Medicine,  Rockefeller 
University,  New  York,  N.Y.  10021,  212- 
360-1675. 

Cohn.  Dr.  Zanvil  A.,  Laboratory  of  Cellular 
Physiology  and  Immunology.  Rockefeller 
University,  New  York.  BT.Y.  10021,  212- 
360-1197. 

Goodman.  Dr.  Robert  M.,  Department  of 
Plant  Pathology,  University  of  Illinois. 
Urbanat  111.  61801,  217  333  6606. 

Horstmaan,  Dr.  Dorothy  Nt.  Department  of 
Epidemiology,  Yale  University  School  of 
Medicine,  New  Haven,  Conn.  06510,  203- 
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Joklik,  Dr.  Wolfgang  K.,  Department  of  Mi- 
crobiology and  Immunology,  Duke  Unver- 
sity  Medical  Center.  Durham,  N.C.  27706, 
919-684  5138. 

Martin,  Dr.  Malcolm  A.,  Laboratory  of  Biol- 
ogy of  Viruses,.  National  Institute  of  Aller- 
gy and  Infectious  Diseases,  National  Insti- 
tutes of  Health.  Bethesda,  Md.  20014,  301- 
496-2613. 

Moss,  Dr.  Bernard,  Laboratory  of  Biology  of 
Viruses.  National  Institute  of  Allergy  god 
Infectious  Diseases,  National  Institutes  of 
Health,  Bethesda,  Md,  20014,  301-496- 
3854. 

Nathans,  Dr.  Daniel,  Department  of  Micro- 
biollgy,  The  Johns  Hopkins  University 
Scton!  at  Medicine;  Baltimore,  Md  212911, 
301-955-3652. 


Purchase,  Dr.  H.  Graham.  National  Pro- 
gram Staff-SEA  BARC  West,  U.S.  Depart- 
ment of  Agriculture,  Beltsvllle,  Md.  20705, 
301-344-2716. 

Rapp,  Dr.  Fred,  Department  of  Microbiolo- 
gy, The  Milton  S-  Hershey  Medical 
Center,  The  Pennsylvania  State- Universi- 
ty, Hershey,  Pa.  17033L  737-534-8621. 

Rowe,  Dr.  Wallace  P.,  Laboratory  of  Viral 
Diseases,  National  Institute  of  Allergy  and 
Infectious  Diseases,  National  Institutes  of 
Health.  Bethesda.  Md.  20014,  301-496- 
2613. 

Scolnick,  Dr.  Edward  M.,  Laboratory  of 
Tumor  Virus  Genetics,  National  Cancer 
Institute,  National  Institutes  of  Health, 
Bethesda,  Md.  290*4.  301-496-9211. 

Shepherd,  Dr.  Robert  J.,  Department  of 
Plant  Pathology-,  University  of  California, 
Davis,  Calif.  95616,  916-752-0326- 

Shope,  Dr.  Robert  B.,  Department  of  Epide- 
miology- an<f  Pottle  Health.  Yale  Arbo- 
virus Research  Unit,  Yale  Uhiversity,  New 
Haven,  Ct.  06510,  203-439-35OT. 

Summers,  Dr.  Max  D„  Department  of  Ento- 
mology, Texan  A Sc  M College;  College 
Station.  Tex.  77*43.  713-845-4334. 

Wagner,  Dr.  Robert  R„  Department  of  Mi- 
crobiology. University  of  Virginia,  Char- 
lottesville, Va.  22901,  804-924-5111. 
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CK1IIH  means  K-12  with  non-mobl  1 i zabl e plasmid  vectors. 

These  viruses  have  been  classified  by  NCI  as  "moderate  risk  oncogenic  viruses. “ and  IICI  recommends  that  the  viruses  be 
handled  under  the  equivalent  of  P3  containment. 
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(1)  Viruses  a/  Eukaryote*. 

(a)  DNA  viruses 

1.  Nontransf arming  viruses. 

(а)  Adeno-associated  viruses,  minute 
virus  of  mice,  and  mouse  adenoxrirus 
strain  FL.—  PI  physical  containment 
Including  no  mouth  pipetting  + an 
EK1  host- vector  shall  be  used  (or  DNA 
recombinants  produced  with  the 
whole  genome,  subgenomic  DNA  seg- 
ments. or  cDNA  copies  of  cellular 
mRNA.' 

(б)  Other  viruses 

(I)  PI  physical  containment  Includ- 
ing no  mouth  pipetting  + an  EK1 
host-vector  shall  be  used  (or  DNA  re- 
combinants produced  with  purified 
subgenamlc  segments  or  cDNA  copies 
of  cellular  mRNA.* 

(II)  PI  physical  containment  Includ- 
ing no  mouth  pipetting  + an  EK 1 host 
vector,  which.  In  the  case  of  a plasmid, 
must  be  non-mobllizable  shall  be  used 
for  DNA  recombinants  produced  with 
the  whole  genome. 

2.  Transforming  viruses 

(а)  Herpes  saimiri  and  herpes  ateles 

(I)  PI  physical  containment  Includ- 
ing no  mouth  pipetting  + an  EK1  host 
vector  shall  be  used  for  DNA  recom- 
binants produced  with  purified  non- 
transforming  subgenomic  DNA  seg- 
ments or  cDNA  copies  of  cellular 
mRNA.* 

(II)  P2  physical  containment  + an 
EK1  host  vector  which.  In  the  case  of 
a plasmid,  must  be  non-mobllLzable. 
shall  be  used  for  DNA  recombinants 
produced  with  purified  subgenomic 
DNA  segments  containing  an  entire 
transforming  gene. 

(ill)  P3  physical  containment  + an 
EK  1 host-vector  or  P2  + EK2  shall  be 
used  for  DNA  recombinants  produced 
with  the  whole  genome. 

(б)  Other  viruses 

(i)  PI  physical  containment  Includ- 
ing no  mouth  pipetting  + an  EK  1 
host-vector  shall  be  used  for  DNA  re- 
combinants produced  with  purified 
non  transforming  subgenomic  DNA 
segments  or  cDNA  copies  of  cellular 
mRNA.* 

(11)  P2  physical  containment  + an 
EK1  host- vector  which.  In  the  case  of 
a plasmid,  must  be  non  mobillzable, 
shall  be  used  for  DNA  recombinants 
produced  with  the  whole  genome  or 
purified  subgenomic  DNA  segments 
containing  an  entire  transforming 
gene. 

(6)  RNA  viruses 

1.  Retro  viruses. 

(a)  Gibbon  ape  and  woolly  monkey 
viruses 

(I)  PI  physical  containment , includ- 
ing no  mouth  pipetting  + an  EK1 
host-vector  shall  be  used  for  DNA  re- 
combinants produced  with  purified 
non-transforming  subgenomic  DNA 
segments. 

(II)  P2  physical  containment  + an 
EK1  host-vector  which,  in  the  case  of 


a plasmid,  must  be  non-mobilizable, 
shall  be  used  for  DNA  recombinants 
produced  with  purified  subgenomic 
DNA  segments  containing  an  entire 
transforming  gene  or  cDNA  copies  of 
cellular  mRNA.* 

(Ill)  P2  physical  containment  + an 
EK2  host-vector  shall  be  used  for  DNA 
recombinants  produced  with  the 
whole  genome. 

(b)  Other  viruses 

(I)  PI  physical  containment  Includ- 
ing no  mouth  pipetting  + an  EK1 
host-vector  shall  be  used  for  DNA  re- 
combinants produced  with  purified 
non-transforming  subgenomic  DNA 
segments. 

(II)  P2  physical  containment  + an 
EK1  host- vector  which.  In  the  case  of 
a plasmid,  must  be  non-mobllizable, 
shall  be  used  for  DNA  recombinants 
produced  with  purified  subgenomic 
DNA  segments  containing  an  entire 
transforming  gene,  the  whole  genome, 
or  cDNA  copies  of  cellular  mRNA.* 

2.  Negative  strand  viruses— PI  phys- 
ical containment  Including  no  mouth 
pipetting  + an  EK1  host-vector  shall 
be  used  for  DNA  recombinants  pro- 
duced with  the  whole  genome,  subgen- 
omic DNa  segments  or  purified  cDNA 
copies  of  cellular  mRNA.* 

3.  Plus-strand  RNA  viruses 

(a)  Types  1 and  2 Sabin  poliovirus 
and  strain  17D  ( Theiler ) of  yellow 
fever  trims.— PI  physical  containment 
Including  no  mouth  ptpetttng  + an 
EK1  host- vector  shall  be  used  tor  DNA 
recombinants  produced  with  the 
whole  genome,  subgenomic  DNA  seg- 
ments or  purified  cDNA  copies  of  cel- 
lular mRNA.* 

(b)  Other  viruses 

(I)  PI  physical  containment  Includ- 
ing no  mouth  pipetting  -f  an  EK1 
host-vector  shall  be  used  for  DNA  re- 
combinants produced  with  purified 
subgenomic  DNA  segments. 

(II)  P2  physical  containment  + an 
EK1  host  vector  which.  In  the  cse  of  a 
plasmid,  must  be  nonmobtllzable.  shall 
be  used  for  DNA  recombinants  pro- 
duced with  the  whole  genome  or  puri- 
fied cDNA  copies  of  cellular  mRNA.* 

4.  Double-stranded  segmented  RNA 
viruses— PI  physical  containment  In- 
cluding no  mouth  pipetting  a-  an  EK1 
host  vector  shall  be  used  for  DNA  re- 
combinants produced  with  mixtures  of 
subgenomic  segments,  a specific  sub- 
genomfc  segment,  or  purified  cDNA 
copies  of  cellular  mRNA.* 

5.  VXroids—  PI  physical  containment 
including  no  mouth  pipetting  + an 
EK1  host-vector  shall  be  used  for  DNA 
recombinants  produced  with  the 
whole  genome,  subgenomie  DNA  seg- 
ments or  eDNA  copies  of  cellular 
mRNA.* 


•The  cDNA  copy  of  cellular  mRNA  must 
be  99  percent  pure;  otherwise,  physical  and 
biological  containment  specified  for  shotgun 
experiments  Involving  uninfected  eukaryo- 
tic cellular  DNA  (sec.  B.l.a(l)]  shall  be 
used. 


(c)  Intracellular  viral  DNA.— Physi- 
cal and  biological  containment  speci- 
fied for  shotgun  experiments  Involving 
uninfected  eukaryotic  cellular  DNA 
[sec.  B.l.a.(l)]  shall  be  used  .for  DNA 
recombinants  produced  with  Integrat- 
ed viral  DNA  or  viral  genomes  present 
In  Infected  cells. 

3.  Experiments  with  Eukaryotic 
host-vectors 

a Vertebrate  host- vector  systems— 
Because  this  work  will  be  done  almost 
exclusively  In  tissue  culture  cells, 
which  have  no  capacity  for  propaga- 
tion outside  the  laboratory,  the  prima- 
ry focus  for  containment  is  the  vector, 
it  should  be  pointed  out  that  risk  of 
laboratory  acquired  Infection  as  a con- 
sequence of  tissue  culture  manipula- 
tions Is  very  low.  Given  good  microbio- 
logical practices,  the  most  likely  mode 
of  escape  of  recombinant  DNAs  from  a 
physically  contained  laboratory  Is  car- 
riage by  an  Infected  human;  thus  the 
vector  with  an  Inserted  DNA  segment 
should  have  little  or  no  ability  to  repli- 
cate  or  spread  In  humans  Further,  a 
recombinant  virus  should  not  Inad- 
vertently pose  a threat  to  any  species. 

For  use  as  a vector  In  a vertebrate 
host  cell  system,  an  animal  viral  DNA 
molecule  should  display  the  following 
properties: 

(a)  It  should  not  consist  of  the  whole 
genome  of  any  agent  that  Is  Infectious 
for  humans  or  that  replicates  to  a sig- 
nificant extent  in  human  cells  In 
tissue  culture.  If  the  recombinant  mol- 
ecule is  used  to  transform  non-permls- 
slve  cells  (l.e.  cells  which  do  not  pro- 
duce Infectious  virus  particles),  this  Is 
not  a requirement. 

(b)  It  should  be  derived  from  a virus 
whose  epidemiological  behavior  and 
host  range  are  well  understood. 

(c)  In  permissive  cells.  It  should  be 
defective  when  carrying  an  Inserted 
DNA  segment;  (Le.  propagation  of  the 
recombinant  DNA  as  a virus  must  be 
dependent  upon  the  presence  of  a 
complementing  helper  genome).  In 
almost  all  cases  this  condition  would 
be  achieved  automatically  by  the  ma- 
nipulations used  to  construct  and 
propagate  the  retomblnants.  In  addi- 
tion. the  amount  of  DNA  encapsidated 
In  the  particles  of  most  animal  viruses 
is  defined  within  fairly  close  limits. 
The  Insertion  of  sizeable  foreign  DNA 
sequences,  therefore,  generally  de- 
mands a compensatory  deletion  of 
viral  sequences.  It  may  be  possible  to 
Introduce  very  short  Insertions  (50-100 
base  pairs)  without  repdering  the  viral 
vector  defective.  In  such  a situation, 
the  requirement  that  the  viral  vector 
be  defective  Is  not  necessary  except  In 
those  cases  In  which  the  Inserted  DNA 
encodes  a biologically  active  polypep- 
tide. 

It  Is  desired  but  not  required  that 
the  functional  anatomy  of  the  vector 
be  known— that  Is,  there  should  be  a 
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clear  idea  of  the  location  within  the 
molecule  of: 

(a)  The  sites  at  which  DNA  synthe- 
sis originates  and  terminates. 

(b)  The  sites  that  are  cleaved  by  re- 
striction endonucleases. 

(c)  The  template  regions  for  the 
major  gene  products. 

If  possible  the  helper  virus  genome 
should: 

(1)  Be  integrated  into  the  genome  of 
a stable  line  of  host  cells  (a  situation 
that  would  effectively  limit  the 
growth  of  the  vector  recombinant  to 
such  cell  lines),  or 

(ii)  Consist  of  a defective  genome,  or 
an  appropriate  conditional  lethal 
mutant  virus,  making  vector  and 
helper  dependent  upon  each  other  for 
propagation. 

However,  neither  of  these  stipula- 
tions is  a requirement. 

(1)  Polyoma  virus. 

(a)  Productive  virus-cell  interac- 
tions. 

1.  Defective  or  Intact  polyoma  virus 
genomes,  with  appropriate  helper,  if 
necessary,  can  be  used  in  P2  conditions 
to  propagate  DNA  sequences  from: 

(a)  Bacteria  of  class  1 or  class  2 (see 
appendix  B),  or  their  phages  or  plas- 
mids, except  for  species  of  bacteria 
that  produce  potent  polypeptide 
toxins. 

(6)  Prom  mice. 

(c)  From  other  eukaryotic  organisms 
that  do  not  produce  potent  polypep- 
tide toxins,  provided  the  DNA  segment 
is  purified. 

2.  Defective  or  intact  virus  genomes 
with  appropriate  helper,  if  necessary, 
can  be  used  in  P3  conditions  for  shot- 
gun experiments  to  propagate  DNA  se- 
quences from  eukaryotic  organisms, 
provided  the  DNA  is  obtained  from 
uninfected  cells  such  as  embryonic  or 
tissue  culture  cells. 

3.  Experiments  involving  the  use  of 
defective  polyoma  virus  genomes  to 
propagate  DNA  sequences  from  eukar- 
yotic viruses  will  be  evaluated  by  the 
Recombinant  DNA  Molecule  Program 
Advisory  Committee  on  a case-by-case 
basis  and  will  be  conducted  under 
physical  containment  conditions  rec- 
ommended by  that  committee. 

(b)  Non-productive  virus-cell  inter- 
actions.—Defective  or  intact  polyoma 
virus  genomes  can  be  used  as  vectors 
in  P2  conditions  to  transform  nonper- 
missive  cells  in  culture. 

(2)  Simian  virus  40. 

(a)  Productive  virus-cell  interac- 
tions. 

1.  SV40  DNA,  rendered  uncondition- 
ally defective  by  a deletion  in  an  es- 
sential gene,  with  appropriate  helper, 
if  necessary,  can  be  used  in  P2  condi- 
tions to  propagate  DNA  sequences 
from: 

(a)  Bacteria  of  class  1 or  class  2 <see 
appendix  B).  or  their  phages  or  plas- 
mids, except  for  species  of  bacteria 
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that  produce  potent  polypeptide 
toxins. 

(6)  Uninfected  African  green 
monkey  kidney  cells. 

2.  SV40  DNA,  rendered  uncondition- 
ally defective  by  a deletion  in  an  es- 
sential gene,  with  an  appropriate 
helper,  if  necessary,  can  be  used  in  P3 
conditions  to  propagate  DNA  se- 
quences from  eukaryotic  organisms 
(shotgun  experiments  or  purified 
DNA)  provided  the  DNA  is  obtained 
from  uninfected  cells  such  as  embry- 
onic or  tissue  culture  cells. 

3.  Experiments  involving  the  use  of 
defective  SV40  genomes  to  propagate 
DNA  sequences  from  eukaryotic  vir- 
uses will  be  evaluated  by  the  Recom- 
binant DNA  Molecular  Program  Advi- 
sory Committee  on  a case-by-case  basis 
and  will  be  conducted  under  physical 
containment  conditions  recommended 
by  that  committee. 

(b)  Non-productive  virus-ceU  inter- 
actions.—Defective  or  intact  SV40  gen- 
omes can  be  used  as  vectors  in  P2  con- 
ditions to  transform  nonpermissive 
cells  in  culture. 

(3)  Human  adenoviruses  2 and  5. 

(a)  Productive  virus-cell  interac- 
tions. 

1.  Human  adenoviruses  2 and  5,  ren- 
dered unconditionally  defective  by  de- 
letion of  at  least  2 capsid  genes,  with 
appropriate  helpers),  if  necessary,  can 
be  used  in  P3  conditions  to  propagate 
DNA  sequences  from: 

(a)  Bacteria  of  class  1 or  class  2 (see 
appendix  B)  or  their  phages  or  plas- 
mids except  for  species  of  bacteria 
that  produce  potent  polypeptide 
toxins. 

(6)  Eukaryotic  organisms  (shotgun 
experiments  or  purified  DNA)  pro- 
vided the  DNA  Is  obtained  from  unin- 
fected cells  such  as  embryonic  or 
tissue  culture  cells. 

2.  Experiments  involving  the  use  of 
unconditionally  defective  human  Ad  2 
and  5 genomes  to  propagate  DNA  se- 
quences from  eukaryotic  viruses  will 
be  evaluated  by  the  Recombinant 
DNA  Molecule  Program  Advisory 
Committee  on  a case-by-case  basis  and 
will  be  conducted  under  physical  con- 
tainment conditions  recommended  by 
that  committee. 

(b)  Non-productive  virus-cell  inter- 
actions.—Detective  or  intact  human  Ad 
2 and  S genomes  can  be  used  as  vectors 
in  P2  conditions  to  transform  non-per- 
missive  cells  in  culture. 

(4)  Murine  adenovirus  strain  FL. 

(a)  Productive  virus-ceU  interac- 
tions. 

1.  Unconditionally  defective  murine 
adenoyirus  strain.  FL  genomes,  with 
appropriate  helper,  if  necessary,  can 
be  used  in  P2  conditions  to  propagate 
DNA  sequences  from: 

(a)  Bacteria  of  class  1 or  class  2 (see 
appendix  B)  or  their  phages  or  plas- 
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mids  except  for  species  of  bacteria 
potent  polypeptide  toxins. 

(6)  Eukaryotic  organisms  (shotgun 
experiments  or  purified  DNA)  pro- 
vided the  DNA  is  obtained  from  unin- 
fected cells  such  as  embryonic  or 
tissue  culture  cells. 

2.  Experiments  involving  the  use  of 
intact  murine  adenovirus  strain  FL 
genomes  to  propagate  DNA  sequences 
from  prokaryotic  or  eukaryotic  organ- 
isms will  be  evaluated  by  the  Recom- 
binant DNA  Molecule  Program  Advi- 
sory Committee  on  a case-by-case  basis 
and  will  be  conducted  under  physical 
containment  conditions  recommended 
by  that  committee. 

3.  Experiments  involving  the  use  of 
unconditionally  defective  murine 
adenovirus  strain  PL  genomes  to  prop- 
agate DNA  sequences  from  eukaryotic 
viruses  will  be  evaluated  by  the  Re- 
combinant DNA  Molecule  Program 
Advisory  Committee  on  a case-by-case 
basis  and  will  be  conducted  under 
physical  containment  conditions  rec- 
ommended by  that  committee. 

(b)  Non-productive  virus-ceU  inter- 
actions.— Defective  or  Intact  murine 
adenovirus  strain  FL  genomes  can  be 
used  as  vectors  in  P2  conditions  to 
transform  non-permlssive  cells  in  cul- 
ture. 

(5)  AU.  other  potential  viral  vectors. 

(a)  Experiments  involving  the  use  of 
viral  DNA  vectors  consisting  of  25  per- 
cent or  less  of  the  viral  genome  shall 
be  used: 

1.  In  P2  conditions  to  transform  non- 
permlssive  cells  In  culture. 

2.  Under  physical  containment  con- 
ditions to  be  determined  by  the  Re- 
combinant DNA  Molecule  Program 
Advisory  Committee  to  propagate 
DNA  sequences  from  prokaryotic  or 
eukaryotic  organisms. 

(b)  Experiments  involving  the  use  of 
other  intact  or  defective  virus  genomes 
to  propagate  DNA  sequences  from  pro- 
karyotic or  eukaryotic  organisms  (and 
viruses)  or  as  vectors  to  transform 
non-permlssive  cells  will  be  evaluated 
by  the  Recombinant  DNA  Molecule 
Program  Advisory  Committee  on  a 
case-by-case  basis  and  will  be  conduct- 
ed under  physical  containment  condi- 
tions recommended  by  that  commit- 
tee. 

The  Recombinant  DNA  Molecule 
Program  Advisory  Committee  will  also 
review  an  experiments  involving  the 
use  of  virus  vectors  in  animals  and  the 
physical  containment  conditions  ap- 
propriate for  such  studies. 

b.  Invertebrate  host-vector  systems 
in  which  insect  viruses  are  used  to 
propagate  other  DNA  segments.— As 
soon  u.  information  concerning  the 
nature  of  the  host  range,  infectivity, 
persistence  and  integration  in  verte- 
brate and  invertebrate  ceils  become* 
available,  experiments  involving  the 
use  of  baculo-viruses  to  propagate 


FEDERAL  REGISTER,  VOL  43,  NO.  146— FRIDAY,  JULY  23,  1973 


[134] 


33174 


NOTtCfS 


DNA  sequences  will  b«  evaluated  by 
:he  Recombinant  DNA  Molecule  Pro* 
gram  Advisory  Committee  on  a case- 
by-case  basis  and  win  be  conducted 
under  physical  containment  conditions 
recommended  by  the  committee.  Ex- 
periments should  be  done  In  estab- 
lished Invertebrate  cell  lines  and 
should  follow,  where  appropriate,  cri- 
teria recommended  for  vertebrate  viral 
DNA  vectors  (Sec.  J.a(a-c)]. 

c.  Plant  host-vector  system*.— The 
DNA  plant  viruses  which  could  cur- 
rently serve  as  vectors  for  cloning 
genes  In  plants  and  plant  cell  proto- 
plasts are  Cauliflower  Mosaic  Virus 
(CaMV)  and  Its  dose  relatives,  which 
have  relaxed  circular  double  stranded 
DNA  genomes  with  a molecular  weight 
of  4.8x10*.  and  Bean  Oolden  Mosaic 
Virus  (BO MV)  and  related  viruses 
with  small  ( < 10*  dal  to  ns)  slngled- 
§ trended  DNA  genomes.  These  viruses 
are  not  known  to  Integrate  Into  host 
chromosomes,  or  to  Incorporate  cellu- 
lar genes  Into  their  genomes.  CaMV  Is 
spread  In  nature  by  aphids.  In  which  it 
survives  for  a few  hours.  Spontaneous 
mutants  of  CaMV  that  are  not  trans- 
mitted by  aphids  arlss  frequently; 
these  mutants  fail  to  make  a transmis- 
sion factor  essential  for  aphid  trans- 
mission. BO  MV  Is  spread  In  nature  by 
white  flies.  In  which  It  survives  for  ssv- 
eral  days  to  three  weeks;  certain  other 
■ingle-stranded  DNA  plant  viruses  are 
transmitted  by  leafhoppera,  in  which 
the  viruses  persist  for  days  or  weeks. 
Single-stranded  DNA  plant  viruses  are 
thought  not  to  replicate  In  their  Insect 
vector. 

The  DNA  plant  viruses  have  narrow 
host  ranges  and  are  relatively  difficult 
to  transmit  mechanically  to  plants. 
For  this  reason,  they  are  most  unlike- 
ly to  be  accidentally  transmitted  from 
spillage  of  purified  preparations  of  the 
virus. 

When  these  viruses  are  used  as  vec- 
tors with  Intact  plants,  the  plants 
should  be  grows  tn  either  a limited 
access  ptsilMs*  or  plant  growth 
cabinet  wtflefc  la  insect-proof,  prefer- 
ably with  pustUws  air  pressure,  and  In 
which  an  Insect  fumigation  regime  Is 
maintained.  Sod.  plant  pots  and  un- 
wanted Infected  plant  materials 
should  be  removed  from  the  green- 
house ok  cabinet  In  sealed  Insect  proof 
containers  and  sterilised.  It  Is  not  nec- 
essary to  sterilize  run-off  water  from 
the  Infected  plants  as  thM  is  not  s 
plausible  route  for  secondary  Infec- 
tion. Infected  plant  materials  to  be 
used  for  further  research,  which  have 
to  be  removed  from  the  greenhouse  or 
cabinet,  should  be  maintained  under 
Insect  proof  conditions.  These  meas- 
ures provide  an  entirely  adequate 
degree  at  oonteinment  and  are  similar 
to  those  required  in  many  countries 
for  licensed  handling  of  "exotic"  plant 
vlrisss  * 


The  viruses  or  their  DNA  may  also 
be  useful  ss  a vector  to  Introduce 
genes  Into  plant  protoplasts.  The  fra- 
gility of  plant  protoplasts  combined 
with  the  properties  of  the  viruses  men- 
tioned above  provide  adequate  safety. 
Since  no  risk  to  the  environment  from 
the  use  of  the  DNA  plant  vlrua/proto- 
plast  system  Is  envisaged,  no  special 
containment  is  recommended. 

Experiments  Involving  the  use  of 
plant  virus  genomes  to  propagate  DNA 
sequences  from  eukaryotic  viruses  will 
be  evaluated  by  the  Recombinant 
DNA  Molecule  Program  Advisory 
Committee  on  a case-by-case  basis  and 
will  be  conducted  under  containment 
conditions  recommended  by  that  com- 
mittee. 

Arrxwotx  O.— Retort  or  a Workshop 
or  Risk  Assessment  or  Agricultural 
Pathooers 

Conducted  by.  Recombinant  DNA 
Molecule  Program  Advisory  Commit- 
tee. 

Sponsored  by;  UA  Department  of 
Agriculture.  National  Science  Founda- 
tion. and  National  Institutes  of 
Health.  March  30-31.  1078. 
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IHTRODUCTIOK 

An  assessment  of  risk  Involved  In  re- 
combinant DNA  research  on  plant  and 
Insect  pathogens  necessarily  entails 
consideration  of  different  concerns 
than  those  applied  to  risk  assessment 
of  research  with  pathogens  of  man 
and  animals  This  fundamental  differ- 
ence provided  the  basis  on  which  the 
recommendations  of  our  committee 
were  formulated. 

There  was  a consensus  amongst  the 
committee  members  that  working  with 
plant  pathogens  and  baculovlruses  In 
recombinant  DNA  studies  presents  no 
more  hazard  than  that  which  exists  In 
current  laboratory  studies  with  the 
pathogens  themselves.  It  la  significant 
that  to  the  best  of  our  knowledge 
there  have  been  no  cases  recorded  In 
which  laboratory  studies  with  cultures 
of  plant  pathogens  have  resulted  In  Ill- 
ness in  man  or  animals  exposed  to 
these  organisms.  Neither  Is  there  s do- 
cumented case  In  which  laboratory 
studies  with  cultures  have  resulted  In 
an  escape  resulting  In  an  outbreak  of 
disease  In  plants  growing  under  natu- 
ral conditions. 

We  believe  that  any  potential  risk 
that  might  arise  from  studies  Involv- 
ing plant  pathogens  Is  now  adequately 


covered  by  existing  federal  and  state 
quarantine  regulations.  These  have 
evolved  to  enable  government  to  deal 
with  the  practicalities  of  plant  disease 
control  (Oram,  E.,  1960.  Chapter  9.  pp. 
314-356  In  "Plant  Pathology,  An  Ad- 
vanced Treatise",  J.  O.  Horsfall  and  A. 
E.  Dlmond,  eds..  vol.  3.  Acad.  Press., 
New  York).  They  take  precedence  over 
any  other  regulations  since  they  deter- 
mine whether  or  not  an  Investigator 
has  access  to  a particular  pathogen. 

With  plants,  resistance  to  disease  Is 
the  rule,  susceptibility  Is  the  excep- 
tion. Thus,  the  common  occurrence  of 
resistance  poses  an  Important  barrier 
to  the  successful  establishment  of  po- 
tential pathogens.  There  Is  no  patho- 
gen that  Is  highly  virulent  on  all  plant 
species.  Rather,  the  majority  of  patho- 
gens are  restricted  to  a relatively  small 
number  of  host  plants  and  within 
these  specific  susceptible  hosts  vari- 
etal variation  In  resistance  Is  usually 
present.  Breeding  for  disease  resis- 
tance has  provided  a means  for  effect- 
ing relatively  rapid  changes  In  varie- 
ties. In  the  United  States  today,  ap- 
proximately 95  percent  of  the  acreage 
In  crops  of  economic  Importance  Is 
planted  to  varieties  that  carry  resis- 
tance to  one  or  more  major  diseases. 
This  Is  one  of  the  key  factors  In  the 
productivity  of  American  agriculture. 
Even  when  a particularly  destructive 
new  race  or  strain  of  a plant  pathogen 
arises.  It  Is  possible  to  change  the 
available  varieties  and  to  reduce  or 
minimize  the  threat  within  the  space 
of  two  or  three  years.  This  was  the 
case  when  a virulent  strain  of  the 
pathogen  that  causes  Helminthospor- 
ium  leaf  blight  spread  throughout  the 
com  growing  area  of  the  United  States 
In  1970  and  It  was  necessary  to  discon- 
tinue the  growing  of  those  hybrids 
that  carried  the  factor  for  male  steril- 
ity which  also  conferred  susceptibility 
to  the  disease  (Ullstrup,  A.  J.,  1972, 
Ann.  Rev.  Phytopath.  10:37-50). 

Virulent  plant  pathogens  commonly 
are  contained  In  nature  because  for 
their  very  survival  and  dissemination 
within  a region,  or  for  an  epidemic  to 
develop,  they  require  specific  environ- 
mental factors  (Colhoun.  J.,  1973, 
Ann.  Rev.  Phytopath.  11:343-364).  For 
example,  bacterial  wilt  caused  by 
Pseudomonas  solanaoearum  rarely 
occurs  north  of  the  Mason-Dlxon  line. 
The  causal  bacterium  Is  sensitive  to 
low  temperatures  and  has  a relatively 
high  optimum  temperature  for 
growth.  Even  when  Introduced  Inad- 
vertently Into  Northern  states  it  does 
not  overwinter  In  the  soil  or  affect  sus- 
ceptible crops  the  following  year 
(Kelman,  A..  1963,  N.  Carolina  Agr. 
Exp.  Sta.  Bull.  99,  194p). 

In  considering  hypothetical  risks  of 
recombinant  DNA  research  on  plant 
pathogenic  organisms  our  committee 
considered  the  following  questions; 
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1.  Wil!  the  introduction  of  recombin- 
ant DNA  from  a specific  plant  patho- 
gen in  E.  coli  K12  lead  to  the  develop- 
ment of  strains  with  enhanced  viru- 
lence to  man  or  animals? 

2.  Will  strains  of  E.  coli  be  converted 
into  plant  pathogens? 

3.  Will  the  use  of  plant  pathogens  as 
HV  systems  result  in  hazards  to 
plants? 

With  the  relatively  minor  reserva- 
tions documented  below,  the  commit- 
tee agreed  that  the  answer  to  all  three 
questions  was  “No”.  First  we  would 
point  out  that  there  is  no  evidence 
that  genetic  information  transferred 
from  plant  pathogenic  organisms 
would  enhance  the  capability  of 
strains  of  E.  coli  to  harm  man,  animals 
cr  plants.  There  are  a very  small 
number  of  possible  exceptions  to  this 
generalization.  These  include  a few 
species  of  bacteria  which  have  been 
found  in  association  with  plants  or 
which  have  been  described  as  weak  or 
minor  plant  pathogens  and  which  may 
be  closely  related  to  forms  causing  dis- 
ease in  man.  Also,  plant  pathogens 
such  as  the  ergot  fungus,  arid  certain 
molds  that  produce  aflatoxins  on 
stored  plant  products  are  likely  to  be 
banned  on  the  grounds  that  they  pro- 
duce potent,  albeit  non-polypeptide, 
toxins. 

Provided  that  the  use  of  plant  path- 
ogens as  HV  systems  is  not  undertaken 
with  the  objective  of  deliberately  cre- 
ating forms  with  increased  virulence 
and  host  range  beyond  that  which 
occurs  by  natural  genetic  exchange 
(these  are  expressly  prohibited  by  the 
guidelines)  we  see  no  hazard  from 
such  systems  to  plants. 

1.  Without  dissent,  the  committee 
agreed  on  a classification  of  plant 
pathogens  on  the  basis  of  hazard  to 
agriculture. 

We  have  placed  all  plant  pathogens 
into  a single  class  with  two  subgroups. 
This  reflects  our  opinion  that  recom- 
binant DNA  research  with  plant  path- 
ogens has  a negligible  risk.  The  two 
subgroups  take  account  of  existing 
federal  and  state  quarantine  regula- 
tions. We  propose  that  this  classifica- 
tion be  appendix  C in  the  guidelines. 

HAZARD  CLASSIFICATION  OF  PLANT 
PATHOGENS 

Class  1A— Plant  pathogens  not  in 
class  IB. 

Class  IB— All  organisms  that  are 
subject  to  quarantine  restrictions  for 
any  of  the  following  reasons: 

(i )  Plant  pathogens  not  known  to 
occur  in  the  United  States. 

(ii.)  Plant  pathogens  that  are  not 
widely  distributed  throughout  the  eco- 
logical range  cf  their  hosts. 

(iii)  Plant  pathogens  subject  to  fed- 
eral or  state  eradication  or  suppression 
programs. 


All  plant  pathogens  require  state 
and  federal  (USDA1)  permits  for  ship- 
ment across  state  lines. 

2.  Specific  recommendations.  The 
lack  of  an  accepted  definition  of  ex- 
changers caused  us  some  difficulty  in 
our  discussions.  A majority  of  the  com- 
mittee favor  a liberal  definition  that 
would  exclude  all  gram  negative  bacte- 
ria from  the  guidelines.  However,  since 
this  decision  has  still  to  be  made  by 
the  RAC  and  Dr.  Fredrickson  some  of 
our  recommendations  had  to  reflect 
two  alternatives:  (i)  On  the  basis  that 
most  gram  negative  forms  wouid  be 
excluded  we  present  rationale  for  in- 
cluding gram  negative  plant  pathogens 
in  this  exclusion;  (ii)  on  the  basis  that 
prokaryotic  exchangers  might  be  de- 
fined in  a less  liberal  fashion,  or  that 
there  might  be  a long  lag  period 
before  plant  pathologists  can  present 
evidence  satisfying  whatever  exchange 
criteria  are  established,  we  present  ra- 
tionale for  adopting  minimal  contain- 
ment levels  for  all  phytopathogenic 
bacteria  namely  P1  + EK2  or  P2  + EK1. 

Ill  B la.  Shotgun  experiments  using 
the  E.  coli  K12  host-vector  systems. 

(2)  Prokaryotic  DNA  recombinants, 
(p.  49602  FR  42  No.  187,  Sept.  27. 
1977).  We  propose  that  the  minimum 
containment  levels  adopted  for  other 
bacteria  be  applicable  to  phytopatho- 
genic bacteria,  namely  F1  + EK2  or 
P2  + EK1. 

(i)  Modify  line  7 to  read;  "biochemi- 
cal, genetic,  and/or  pathogenic  proper- 
ties. 

(ii)  Delete  the  words  "and  plant 
pathogens”  from  line  5 of  the  second 
paragraph. 

Rationale:  Plant  pathogenic  bacteria 
include  diverse  organisms  principally 
in  the  genera  Agrobacterium.  Coryne- 
bacterium,  Eiwinia^  Pseudo-  monas, 
and  Xanthomonas.  A number  of  the 
plant  pathogenic  species  are  soil-in- 
habitants and  are  widely  distributed 
throughout  the  United  States.  In  gen- 
eral tney  cause  economic  loss  only 
when  environmental  conditions  are  fa- 
vorable and  available  control  practices 
are  not  used.  A number  of  bacteria 
that  cause  foliage  diseases  can  exist  as 
epiphytes  on  a variety  of  non  host 
plants  as  well  as  on  their  susceptible 
hosts.  Other  bacteria  such  as  the 
pathogen  that  causes  halo  blight  of 
beans  are  seed-transmitted,  do  not  sur- 
vive in  soil  for  long  periods  of  time 
and  can  be  controlled  by  the  use  of 
pathogen-free  seed.  The  mechanisms 
by  which  plant  pathogenic  bacteria 
produce  disease  in  plants  may  involve 
enzymes  which  attack  substrates  in 
plants  such  as  pectic  compounds.  Such 


'Address  to  obtain  application  tx>  import 
or  move  a plant  pest  or  pathogen:  Plant  Im- 
portation arid  Technical  Support  Staff, 
Plant  Protection  and  Quarantine  Programs. 
An'inal  and  Plant  Health  Inspection  Serv- 
ice, USDA,  Federal  Center  Building,  Hyatls- 
ville,  Md.  20782. 


enzymes  would  not  be  harmful  to  man 
or  animals.  Similarly  certain  growth 
promoting  compounds  and  compounds 
that  interfere  with  specific  physiologi- 
cal functions  in  plants,  e.g.  polysac- 
charides that  block  movement  of 
water,  are  not  known  to  cause  injury 
to  man. 

Certain  bacteria  which  are  not 
known  to  cause  disease  in  plants  but 
which  are  commonly  present  as  epi- 
phytes on  leaves  (Leben,  C.,  1965  Ann. 
Rev.  Phytopath.  3:209-230)  have  been 
associated  with  diseases  of  man,  i.e. 
Erwinia  herbicola  also  designated  as 
Enterobacler  agglomerans  (Starr,  M. 
P.  and  Chatterjee,  A.  R.,  1972,  Ann. 
Rev.  Microbiol.  26:389-426).  However, 
there  is  a diversity  of  strains  that  have 
been  obtained  from  plants  and  there  is 
no  conclusive  evidence  that  the  types 
widespread  in  plants  are  the  same 
strains  associated  with  certain  infec- 
tions in  man. 

Similarly  it  has  been  reported  that  a 
bacterium  similar  to  a pathogen  of 
onions  (.Pseudomonas  cepacia ) has 
been  associated  with  a disease  of  man 
(Ederer,  G.  M.  & Matsen,  J.  M.,  1972, 
J.  Infect.  Dis.  125:613-618;  Snell,  J.  J. 
S.,  Hill,  L.  R.,  LaPage,  S.  P.  & Curtis, 
M.  A.,  1972,  Internat.  Symp.  Systemat. 
may  not  have  useable  vectors. 

III.B.  3c.  Plant  host-vector  systems, 
(p.  49603). 

(i)  Delete  second  paragraph.  "Whole 
plants  or  plant  * * * at  this  time”. 

Rationale:  This  paragraph  is  confus- 
ing. Its  intent  was  to  define  practical 
size  or  scale  limits  to  physical  contain- 
ment rather  than  limits  to  biological 
containment.  The  committee  conclud- 
ed that  the  discussion  of  physical  con- 
tainment in  the  preceding  paragraph 
makes  this  redundant. 

(ii)  Delete  last  sentence  of  fourth 
paragraph  "However,  if  the  source  of 
the  DNA  is  itself  pathogenic  * * * 
shall  be  carried  out  under  P3  condi- 
tions” and  substitute:  “If  the  vector  is 
an  unmodified  virus  the  experiments 
shall  also  be  carried  out  under  P2  con- 
ditions”. 

Rationale:  This  committee  has  reas- 
sessed the  risk  to  man,  animals,  and 
plants  from  plant  pathogenic  agents. 
In  this  context  we  are  concerned  prin- 
cipally with  the  risk  cf  DNA  from 
plant  pathogens  to  plants.  This  para- 
graph now  reflects  our  lowered  assess- 
ment of  these  risks. 

(iii)  Delete  paragraph  five.  Experi- 
ments on  * * ’are  not  met. 

Rationale:  As  for  (ii). 

(iv)  Modify  final  paragraphs  to  read 
“*  * * permit  a decrease  of  one  step  in 
the  physical  containment  to  PI.” 

Rationale:  The  survival  of  plant  pro- 
toplasts (see  table  1)  and  undifferenti- 
ated cultured  plant  cells  outside  their 
laboratory  environment  is  zero  be- 
cause of  their  extremely  exacting 
growth  requirements  and  fragility. 
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H.D.  a.  HV-1  (p.  49600). 

This  committee  proposes  that  the 
Recombinant  Advisory  Committee 
consider  allowing  the  construction  of 
modified  HV-1  systems  with  conjuga- 
tion proficient  plasmids  In  addition  to 
other  recombinant  molecules  of  pro- 
karyotic origin  under  one  step  higher 
physical  containment  providing  that 
all  the  DNA  segments  In  the  cell  are 
derived  from  organisms  which  ex- 
change DNA  by  natural  physio- Lower 
Eukaryotes  (p.  9601  Xe)2.  Insert  the 
words — 

The  remainder  of  the  species  in  this 
class.  Including  plant  pathogenic  or 
symbiotic  fungi  that  do  not  produce 
potent  toxins:  P2  + EK 1 or  PI  + EK2. 

Rationale:  There  Is  no  demonstrable 
risk  either  to  man  or  plants  from  clon- 
ing such  DNA  In  E.  coll  Also  the  pres- 
ent wording  which  refers  to  disease 
causing  microorganisms  could  be  Inter- 
preted to  call  for  an  unreasonably 
high  containment  level  for  these  plant 
pathogens. 

(f)  Plants,  (p.  49601).  Delete  the 
words  “carries  a known  pathogenic 
micro-organism  or" 

Rationale:  The  risk  to  man  or  plants 
from  DNA  of  a plant  pathogen  Is  not 
comparable  to  the  risk  of  cloning  DNA 
which  codes  for  a potent  polypeptide 
toxin.  W%  have  covered  this  risk  else- 
where. 

II. D.  Biological  containment— Host 
vector  systems,  a.2.  Other  prokaryotes 
(p.  49600). 

We  endorse  the  La  Jolla  Working 
Oroup  Draft:  (Insert  III-3).  "Experi- 
ments that  are  exempt  from  these 
guidelines".  In  the  event  that  sections 
(ill)  and  (Iv)  are  not  adopted  we  pro- 
pose the  following: 

Self-cloning  of  bacterial  plant  patho- 
gens and  symbionts: 

(I)  The  use  of  an  Indigenous  plasmid 
or  bacteriophage  shall  be  exempt  from 
the  guidelines. 

(II)  The  use  of  a foreign  vector  (a 
non -Indigenous  plasmid  or  bacteri- 
ophage) from  an  organism  which  ex- 
changes DNA  by  natural  physiological 
processes  shall  require  P2  contain- 
ment. 

Rationale:  Many  sslf-clonlng  experi- 
ments with  agriculturally  significant 
gram-negative  bacteria  could  be  more 
readily  and  safely  carried  out  by  using 
well  characterized  E.  coll  plasmid  vec- 
tors. Some  plants  pathogens  and  sym- 
bionts Bacterlol..  22:  138)  Pseudo- 
monaj  aeruginosa.  a pathogen  of  man. 
conversely.  Has  been  reported  to  cause 
a leaf -spot  of  tobacco  but  Is  considered 


a minor  and  inconsequential  pathogen 
of  plants  (Cho,  J.  J„  Schroth.  M.. 
Mason.  M.  N,  Komlno.  S.  D.  and 
Green.  8.  K..  1975  Phytopath.  65:425- 
431).  These  three  bacteria  should  be 
governed  by  regulations  applicable  to 
human  pathogens. 

In  our  opinion  It  is  a mistake  to 
equate  prokaryotic  plant  pathogens 
with  Class  2 human  pathogens  as  Is 
done  in  the  revised  guidelines.  The 
minimum  containment  level  for  those 
that  have  been  extensively  character- 
ized as  to  pathogenic  and  other  prop- 
erties should  be  consistent  with  that 
adopted  for  other  prokaryotes  namely. 
PI  + EK2  or  P2-f  EK1. 

Ill  BltXlXd)  Viruses  of  plants  (p. 
49602).  Change  to  P2  > Ekl  or  Pl+Ek2. 

Rationale:  Because  of  their  fastidi- 
ous modes  of  transmission  and  restric- 
tive host  ranges.  DNA  plant  viruses 
were  considered  to  present  a minimal 
risk  to  animals  or  agriculture  when 
used  in  shotgun  experiments  with  the 
E.  coll  K-12  host  vector  systems. 

Ill  B 3b  Pesticide  baculovlruses  (p. 
49603). 

(1)  Remove  sentences  "Two  viruses 
are  presently  registered  • * • tussock 
moth". 

Rationale:  Footnote  No.  7 In  the 
September.  1977.  draft  describes  the 
baculovirus  pesticides  that  have  been 
registered  to  date.  The  second  sen- 
tence of  the  September.  1977,  draft  Is 
therefore  repetitive.  Also.  It  should  be 
made  clear  that  any  baculovirus  that 
Is  registered  by  the  EPA  may  be  used 
as  a vector  since  EPA  registration  Is  an 
ongoing  process  and  other  baculovlr- 
uses may  eventually  be  registered 
which  could  be  more; useful  for  vector 
work. 

(2)  Remove  the  sentence  "However, 
much  still  needs  to  be  learned”  and  re- 
write the  final  sentence  of  first  para- 
graph to  read  "However.  Information 
is  needed  on  the  nature  of  the  host 
range  specificity,  particularly  the  in- 
fectlvity  and  persistence  of  the  viral 
DNA  In  Invertebrate  and  vertebrate 
cell  cultures." 

Rationale:  The  original  sentence. 
"However  much  still  needs  to  be 
learned."  introduces  ambiguity.  The 
background  Information  that  was 
agreed  to  be  essential  In  1977  was  in- 
formation on  the  host  specificity,  par- 
ticularly lnfectlvtty  of  viral  DNA  in 
vertebrate  cell  cultures. 

(3)  Substitute  for  the  last  paragraph 
In  this  section:  When  such  background 
information  is  available,  and  if  it  con- 
firms the  narrow  host  range  specifici- 
ty. a baculovirus  vector  may  be  used 


for  cloning  DNA  segments  derived 
from  the  host  insect,  from  another  En- 
vironmental Protection  Agency  regis- 
tered baculovirus.  from  an  EK1  bacte- 
rium of  from  DNAs  cloned  In  an  EK1 
bacterium  (with  the  exception  of  any 
cloned  DNA  derived  from  an  animal 
virus  other  than  an  EPA  registered  ba- 
culovirus), using  P2  physical  contain- 
ment. Cloning  of  other  classes  of  DNA 
Is  not  envisioned  for  the  exploratory 
phases  of  this  work,  but  may  be  con- 
sidered on  a case-by-case  basis  In  the 
future. 

Rationale:  The  terra  "EK1  bacte- 
rium" was  originally  meant  to  Include 
any  DNA  cloned  in  an  EK1  bacterium, 
not  simply  E.  colt  K-12  DNA.  Of  par- 
ticular Interest  In  this  category  are  Le- 
pidopteran  genes  already  cloned  in  E. 
coll  K-12  such  as  the  B.  mori  silk  gene 
and  the  chorion  genes  of  A.  polvphe- 
mw.  Also.  It  would  be  of  Interest  to 
extract  baculovirus  DNA  cloned  In 
EK  1 with  a plasmid  vector  and  test  ln- 
fectivlty  and/or  effects  in  insect  cell 
cultures.  Such  experimentation  is  also 
relevant  to  safety  assessment  of  EK1 
hosts. 

Rationale:  The  revised  guidelines  ex- 
plicitly prohibit  conjugatlve  plasmids 
and  generalized  transducing  phages  In 
EK-1  and  HV-1  Systems.  It  is  implicit 
that  these  elements  shall  not  be  intro- 
duced subsequent  to  cloning.  This  pre- 
cludes host  range  tests  unless  they  are 
carried  out  under  more  stringent  phys- 
ical containment.  It  also  prevents  plas- 
mid promoted  mobilization  to  Intro- 
duce recombinant  molecules  back  to 
the  original  DNA  source  organism  or 
Its  mutants.  Plant  pathogens  and  Rhl- 
zobla  are  often  non-transformable. 
This  will  effectively  preclude  comple- 
mentation tests  for  traits  not  ex- 
pressed In  the  cloning  host  such  as 
plant  pathogenicity  in  EK  hosts.  In 
effect,  this  creates  a dilemma  In  the 
proposed  revisions  of  the  drafted 
guidelines  self -cloning  in  plasmids  will 
be  excluded  even  though  the  recom- 
binant DNA  can  be  mobilized  out  of 
the  host  strain  Into  other  prokaryotes. 
On  the  other  hand.  DNA  cloned  from 
the  donor  prokaryotes  into  a different 
recipient  prokaryote  cannot  be  mobi- 
lized by  a conjugatlve  plasmid  back 
Into  the  original  donor,  despite  the 
fact  that  It  Is  receiving  Its  own  DNA 
by  this  procedure.  If  the  “exchanger" 
list  Is  based  on  plasmid  exchange 
these  arguments  are  Irrelevant. 

We  have  listed  In  table  2 our  sugges- 
tions for  prokaryotic  exchangers  that 
are  either  plant  pathogens  or  sym- 
bionts (Rhlzobium)  together  with  evi- 
dence for  such  exchange. 
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Preface 


The  "Laboratory  Safety  Monograph -A  Supplement  to  the  NIH 
Guidelines  for  Recombinant  DNA  Research"  is  a revised  and 
expanded  edition  of  "Appendix  D,  Supplementary  Information 
on  Physical  Containment,"  which  was  published  June  23, 

1976,  as  a part  of  the  "NIH  Guidelines  for  Recombinant 
DNA  Research."  This  monograph  was  prepared  in  response 
to  numerous  requests  for  greater  specificity  in  describing 
practices,  equipment,  and  facilities  appropriate  for  the 
safe  conduct  of  recombinant  DNA  research. 

The  principal  purpose  of  the  "Laboratory  Safety  Monograph" 
is  to  assist  scientific  institutions,  principal  investigators, 
and  health  and  safety  professionals  in  the  selection  and 
use  of  physical  containment  measures  described  in  the  revised 
"NIH  Guidelines  for  Recombinant  DNA  Research."  The  informa- 
tion provided  in  this  monograph  is  based  on  established 
principles  of  laboratory  safety,  expert  opinion,  and  exper- 
ience in  dealing  safely  with  infectious  disease  organisms 
in  diagnostic  and  research  laboratories.  The  monograph  will 
be  useful,  therefore,  not  only  to  those  associated  with 
recombinant  DNA  research,  but  to  all  who  are  associated  with 
research  programs  involving  potentially  hazardous  organisms. 


Donald  S.  Fredrickson 
Director,  NIH 
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I.  Introduction 


The  scientific  community  has  long  recognized  the  need  to  employ  physical 
containment  measures  when  conducting  research  with  biological  materials. 
Historically,  the  development  and  use  of  containment  techniques  began  as  an 
effort  to  secure  and  maintain  pure  cultures  of  bacteria;  it  was  not  until 
human  laboratory-acquired  infections  began  to  appear  that  attention  was  given 
to  the  protection  of  personnel.  For  example,  the  frequency  of  typhoid  among 
laboratory  workers  at  the  turn  of  the  century  caused  by  pipetting  accidents, 
stimulated  the  development  of  mechanical  pipetting  aids.  Since  these  early 
beginnings,  a significant  body  of  information  has  been  developed  by  scientists 
and  safety  professionals,  alike,  which  can  be  used  today  to  guide  laboratory 
workers  in  the  safe  conduct  of  research  with  potentially  hazardous  organisms. 

It  is  this  body  of  information  on  which  the  "Laboratory  Safety  Monograph,  a 
Supplement  to  the  NIH  Guidelines  for  Recombinant  DNA  Research"  is  based. 

The  "Laboratory  Safety  Monograph"  provides  information  on  physical  con- 
tainment measures  that  are  applicable  to  recombinant  DNA  research.  The 
monograph  has  been  organized  to  complement  the  "NIH  Guidelines  for  Recombinant 
DNA  Research."  Major  sections  of  the  monograph  deal  with  laboratory  practices, 
containment  equipment,  special  laboratory  design,  and  roles  and  responsibil- 
ities. The  section  on  laboratory  practices  has  information  on  specific 
techniques  used  by  the  laboratory  worker  in  the  control  of  biohazards.  The 
section  on  containment  equipment  reviews  Biological  Safety  Cabinets  and  de- 
scribes their  capabilities  and  limitations.  This  section  also  provides 
definitive  procedures  for  certifying  the  containment  capability  of  Biological 
Safety  Cabinets.  The  special  laboratory  design  section  amplifies  design 
considerations  for  P3  and  P4  facilities;  certification  procedures  for  im- 
portant facility  safeguards  are  presented  in  this  section.  The  section  on  roles 
and  responsibilities  emphasizes  the  activities  of  the  Institutional  Biosafety 
Committee  and  the  biological  safety  officer.  Guidance  concerning  emergency 
procedures  and  medical  surveillance  is  provided.  This  section  also 
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identifies  specific  training  resources  and  provides  a reference  bibliography 
on  biological  safety.  The  monograph  also  includes  guidelines  for  the  control 
of  moderate  risk  oncogenic  viruses  and  information  on  packaging  and  shipping 
of  recombinant  DNA  materials. 

Experience  has  demonstrated  that  the  safe  conduct  of  research  involving 
potentially  hazardous  organisms  is  dependent  on  good  laboratory  practice, 
the  availability  and  use  of  containment  equipment,  the  design  and  operation 
of  the  research  facility,  and  effective  management.  These  are  the  subject 
areas  to  which  this  monograph  has  been  addressed.  It  is  hoped  that  this 
information  will  be  of  value  to  all  concerned  with  the  safe  conduct  of 
recombinant  DNA  research. 

Finally,  the  suggestions  and  reconmendations  presented  in  the  monograph 
are  advisory  in  nature;  they  do  not  constitute  mandatory  requi rements . An 
important  intent  of  the  monograph  is  to  encourage  investigators,  safety 
professionals  and  institutional  officials  to  seek  new  and  better  methods  of 
biohazard  control  and  to  apply  professional  judgement  in  the  interpretation 
of  the  physical  containment  requirements  of  the  "NIH  Guidelines  for 
Recombinant  DNA  Research." 


Note:  This  monograph  names  and  illustrates  representative  materials,  pro- 

cesses, and  equipment  only,  and  should  not  be  considered  as  an  all-inclusive 
listing.  Names  of  coimercial  manufacturers  and  trade  names  are  provided  as 
examples  only,  and  their  inclusion  does  not  constitute  or  imply  approval  or 
endorsement;  nor  does  the  exclusion  of  commercial  manufacturers’  names  and 
trade  names  constitute  or  imply  nonapproval  or  nonendorsement  by  the  National 
Institutes  of  Health,  Public  Health  Service,  U.S.  Department  of  Health, 
Education,  and  Welfare. 
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Recombinant  DNA:  An  Infectious  Disease  Perspective 


Sherwood  L.  Cor  bach 


I lie  title  of  this  meeting  implies  areas  of  com- 
mon ground  among  the  participants  which 
formed  the  basis  of  our  discussions.  First,  is  that 
there  are  potential  risks  associated  with  recom- 
binant DNA  experimentation.  The  level  of  risk 
and  its  application  to  specific  experiments  re- 
main highly  controversial,  but  all  prudent  sci- 
entists would  recognize  that  certain  experiments 
cannot  lie  exonerated  of  unexpected,  and  even 
serious,  misadventures.  'Flic  second  area  of  com- 
monality is  that  such  risks  can  be  assessed,  mea- 
sured. quantitated,  and  subjected  to  the  same  sci- 
entific scrutiny  that  characterizes  the  nature  of 
the  research  endeavor  itself. 

The  major  focus  of  concern  over  recombin- 
ant DNA  has  been  whether  disease  will  lie  pro- 
duces! in  laboratory  workers  or  innocent  bystand- 
ers, particularly  the  public  at  large.  This  confer- 
ence lias  lieeu  an  attempt,  perhaps  the  first  of  its 
kind,  to  bring  molecular  biologists  together  with 
scientists  interested  in  the  pathogenesis  of  dis- 
ease. Diverse  disciplines  were  represented:  micro- 
biology. epidemiology,  gastroenterology,  and  cn- 
tlucrinology.  One  of  the  avowed  purposes  of  the 
meeting  was  to  widen  the  scope  of  discussion  to 
include  researchers  interested  in  mechanisms  of 
disease.  It  is  ironic  that  infectious  disease  ex- 
perts have,  in  general,  remained  at  the  sidelines 
during  this  great  debate,  not  engaging  in  the  dis- 
cussions of  |>otcntial  epidemics  and  unique  viru- 
lence factors,  areas  aliout  which  they  arc  partic- 
ularly knowledgeable. 

.Another  reason  for  convening  the  meeting 
was  to  develop,  through  interdisciplinary  discus- 
sions, experimental  protocols  which  could  assess 
die  risk  of  recombinant  DNA  research.  A scries 
of  cx|K'iiments  were  designed  in  model  systems 
to  produce  data  that  would  permit  rational 

PU-aw-  ad«ln-ss  requests  fur  reprints  lo  Dr.  Sherwood  L. 
(•orliacli.  Ilcpai  imciil  of  Medicine.  Tufls-Ncw  England 
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From  the  Department  of  Medicine,  Tufts-New  England 
Medical  Center  Hospital,  Tufts  University  School  of 
Medicine,  Boston,  Massachusetts 

evolution  of  the  guidelines  for  recombinant  DNA 
research.  Despite  the  political  implications  and 
external  pressures,  the  meeting  was  a forum  in 
which  reason  and  science  prevailed  over  philos- 
ophy and  polemics. 

Defining  the  Risks 

Discussions  of  risk  assessment  are  often  con- 
founded by  the  onus  to  prove  the  absolute  zero 
}x>ssibility  of  hazard,  a task  which  in  scientific 
terms  is  virtually  impossible.  It  is  equally  impos- 
sible to  deal  with  all  conjectural  risks,  esjierial- 
ly  those  that  have  no  foundation  in  scientific  ob- 
servations. On  the  other  hand,  there  remains  a 
significant  middle  ground:  legitimate  areas  of 
|xitcntial  risk  in  recombinant  DNA  research 
which  deserve  to  lie  approached  with  the  high- 
est degree  of  caution  and  restraint.  These  po- 
tential hazards  can  be  grouped  into  three  cate- 
gories. 

(/)  An  organism  such  as  Escherichia  colt  K12 
may  be  converted,  by  the  transfer  of  foreign 
DNA,  into  a pathogenic  strain  that  resembles 
other  pathogens  already  familiar  to  us.  By  in- 
creasing its  virulence,  the  recipient  strain  could 
cause  disease  in  a single  |ierson  or  be  propagated 
in  the  environment,  thereby  spreading  to  other 
individuals.  This  mechanism  implies  that  the  or- 
ganism has  gained  the  ability  to  colonize  the  sus- 
ceptible host,  to  produce  disease,  and  to  sur- 
vive in  nature.  (2)  The  foreign  DNA  insert  may 
be  transferred  from  the  recipient  bacterium  to 
other  microorganisms  or  to  somatic  cells  in  high- 
er organisms.  In  the  case  of  E.  coli  K12,  even 
if  the  organism  does  not  survive  in  the  bowel, 
it  may  transfer  its  genes  to  other  bacteria  in  the 
microflora.  It  has  been  |K>stulated,  particularly 
with  viral  inserts,  that  the  foreign  DNA  may  pass 
the  mucosal  barrier  to  the  somatic  cells  of  the 
host.  (?)  The  foreign  DNA  may  encode  for  in- 
jurious products.  Such  products  include  toxins, 
hormones,  or  even  proteins  which  could  induce 
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an  autoimmune  disease.  This  mechanism  implies 
translation  of  the  specific  substance  by  the  mi- 
croorganism, as  well  as  implantation  of  the  mi- 
croorganism in  the  intestinal  tract. 

These  potential  hazards  can  best  be  under- 
stood within  the  general  framework  of  microbial 
pathogenesis.  This  involves  specific  mechanisms 
for  causing  disease,  colonization  of  body  sur- 
faces, and  communicability  within  the  environ- 
ment. 

E.  coli  in  the  Natural  Environment 

The  natural  habitat  of  E.  coli  is  the  intestinal 
tract  of  humans  and  animals  [1],  The  organ- 
isms can  be  found  in  soil  and  water  under  cir- 
cumstances of  fecal  contamination.  The  major 
locus  within  the  body  is  the  large  intestine  where 
populations  are  stabilized  at  1 0,:— 1 0s /g  of  in- 
testinal contents  [2,  3].  The  upper  intestinal  tract, 
including  the  stomach  and  small  intestine,  has  a 
relatively  sparse  flora  with  only  transient  colon- 
ization by  coliforms,  usually  in  concentrations 
of  <10;,/ml.  The  lower  ileum  is  a transitional 
zone  between  the  meager  flora  of  the  upper  in- 
testine and  the  luxurious  colilorm  populations 
of  the  large  bowel  [4,  5]. 

The  intestinal  microflora  is  extremely  complex, 
and  E.  coli  occupies  only  a small  portion  of  this 
ecological  niche.  Obligate  anaerobic  bacteria  are 
the  major  components,  with  concentrations  in 
the  large  intestine  of  10n-1012/g,  nearly  the 
number  of  bacteria  which  can  be  accommodated 
in  that  given  mass  [6,  7].  Thus,  anaerobic  organ- 
isms, of  which  there  are  over  500  species  in  the 
intestine  of  humans,  outnumber  facidtative  or- 
ganisms, such  as  E.  coli,  by  1,000-fold. 

The  indigenous  microflora  is  confined  to  the 
intestinal  lumen  and  the  mucosal  surface  [8,  9]. 
Active  penetration  through  the  epithelium  is  an 
abnormal  event.  Microorganisms  that  possess  in- 
vasive characteristics  are  pathogenic,  i.e..  Shigel- 
la, Salmonella,  and  certain  penetrating  strains  of 
E.  coli. 

A number  of  control  mechanisms  protect  the 
upper  intestinal  tract  from  contamination  by  coli- 
forms carried  in  food  and  drink  [10].  Particu- 
larly important  is  gastric  acid  at  the  portal  of 
entry  [11],  Most  of  the  enteric  bacilli  that  con- 
taminate food  are  destroyed  in  the  stomach.  Bile 


has  antibacterial  activity  and  is  thought  to  have 
some  impact  on  control  of  the  upper  intestinal 
flora.  Propulsive  motility  or  peristalsis  moves  mi- 
croorganisms progressively  down  the  small  bowel. 
There  are  also  mucosal  factors  and  immunoglob- 
ulins that  protect  the  upper  intestine  from  col- 
onization and  invasion.  The  large  intestine  has 
additional  control  mechanisms  which  maintain 
coliform  populations  at  relatively  constant  lev- 
els. Most  important  among  these  mechanisms  is 
the  metabolic  activity  of  the  normal  indigenous 
microflora.  An  important  point  to  emphasize  is 
that  these  control  mechanisms  are  overlapping 
and  redundant  so  that  a failure  of  one  system 
may  not  affect  the  total  microenvironment  sig- 
nificantly. 

E.  coli  appears  to  be  a lifelong  companion, 
being  acquired  in  the  intestinal  tract  within  one 
day  of  birth  [3].  Among  163  known  O serotypes 
of  E.  coli,  only  a relatively  small  number  are 
found  with  any  frequncy  in  the  intestinal  tract 
of  humans  [1].  An  individual  is  likely  to  harbor 
between  five  and  10  serotypes  at  any  one  time 
[12,  13].  It  should  be  recognized,  however,  that 
sampling  for  specific  serotypes  becomes  a for- 
midable task  so  that  the  exact  number  of  sero- 
types in  the  gut  can  nev  er  be  determined. 

The  stability  of  E.  coli  populations  within  the 
intestinal  tract  has  been  the  subject  of  many  in- 
vestigations. Certain  strains  may  persist  within 
the  same  indiv  idual  lot  months  [14].  On  the  oth- 
er hand,  there  are  natural  fluctuations  in  coli- 
form populations  which  cause  new  strains  to  be 
introduced.  Hospitalized  patients,  for  example, 
are  known  to  acquire  specific  serotypes  associat- 
ed with  that  institution  within  a few  days  of  ad- 
mission [13].  In  England,  it  has  been  found  that 
serotypes  of  E.  coli  may  cluster  within  patients 
on  specific  wards  in  the  hospital  [15].  The  hos- 
pital food  was  found  to  be  contaminated  with 
E.  coli,  and  it  was  postulated  that  the  E.  coli  in 
the  intestinal  flora  of  patients  were  implanted  by 
exposure  to  hospital  food  and  medications  [16]. 

Artificial  attempts  to  implant  E.  coli  in  volun- 
teers have  met  with  varying  success,  depending 
upon  the  strain  employed  and  the  size  of  the  inoc- 
ulum. Using  relatively  small  numbers  ol  organ- 
isms, Sears  et  al.  [17,  18]  found  that  the  ingested 
strains  either  disappeared  or  were  recov  ered  from 
the  feces  for  only  a few  days.  Even  with  larger 
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doses  (Ml*'),  Smith  rejx>rietl  that  none  of  the 
administered  strains  of  E.  coli  |*cisisted  in  the  in- 
testine for  more  than  10  days  [19],  On  the  other 
hand,  Cooke  et  al.  demonstrated  regular  coloniza- 
tion when  large  numbers  of  E.  coli  were  feel  to 
volunteers  Similarly.  Formal  and  Hornirk  im- 
planted the  US  strain  of  F..  coli  for  as  long  as 
three  months  in  some  volunteers  following  a sin- 
gle feeding  (20). 

I hc  source  of  the  F..  coli  strain  is  related  to  its 
ability  to  implant  in  humans.  Strains  derived 
from  animal  sources  were  found  by  Smith  to 
colonize  jxrorlv  in  humans  [19],  Hetliaratchv  con- 
firmed this  result  but  noted  that  some  coloniza- 
tion occurred  even  with  strains  of  animal  origin 
[21]- 

Characteristics  of  Pathogenic  Microorganisms 

A critical  constellation  of  virulence  factors  is  re- 
t| tii reel  by  a microorganism  in  order  to  produce 
disease:  (/)  survival  in  the  environment  so  that 
it  can  spread  front  animal  to  animal,  ( 2 ) some 
mechanism  for  penetrating  the  skin  or  a muco- 
sal surface  such  as  the  bowel,  genitourinary  tract, 
or  oropharynx.  (3)  multiplication  within  the 
host.  (/)  systemic  spread  within  the  host.  (5)  re- 
sistance to  host  defense  mechanisms,  and  (h)  pro- 
duction of  toxin  or  some  other  mechanism  to 
damage  the  host  to  cause  those  symptoms  asso- 
ciated with  “disease.”  Freter  has  emphasized  that 
the  absence  of  any  one  of  these  characteristics 
will  break  the  chain  of  events,  rendering  the  mi- 
croorganism avirulent  [10],  Parenthetically,  it 
should  he  noted  that  E.  coli  kl2  is  intrinsicallv 
impaired  in  most,  if  not  all.  of  these  properties. 

The  surface  antigens  of  F..  coli  arc  important 
determinants  in  the  virulence  of  the  particular 
strain  [22]  0rskov  cl  al.  have  noted  that  both  the 
polysaccharide  and  the  protein  surface  antigens 
play  a role  in  pathogenicity  [23,  21].  The  O anti- 
gens rendet  the  organism  resistant  to  phagocyto- 
sis and  bacteriocidal  forces.  Specific  O serotypes 
are  associated  with  infantile  diarrhea,  while  oth- 
ers have  been  related  to  enterotoxigenic  diar- 
rhea. dysentery-like  disease,  or  urinary  tract  in- 
fections [25],  The  presence  of  kl  capsular  anti- 
gen is  highly  correlated  with  neonatal  meningi- 
tis and  other  systemic  E.  coli  infections  [24].  The 
fimbriae  antigens  or  pili  have  been  associated 


with  adhesive  and  colonization  properties  [26, 
27 j.  No  single  surface  antigen  determines  patho- 
genicity, but  organisms  that  are  lacking  these  sur- 
face structures  are  less  virulent.  E.  coli  kl2  is 
defective  in  production  of  O antigen  lipopoly- 
satcharitle  and  does  not  make  capstdar  anti- 
gens [21.  28], 

The  prefix  ”k"  causes  some  ambiguity  in  this 
nomenclature  [23].  The  capsular  polysaccha- 
ride  antigens,  such  as  kl.  are  designated  by  this 
letter,  taken  from  the  German  word  for  capsule. 
The  protein  antigens  involving  the  fimbriae  sur- 
face structures  are  also  termed  "k."  i.e.,  K88.  To 
add  to  the  confusion,  the  ”k'  of  E.  coli  kl2  is 
not  related  to  eirher  of  these  surface  antigens, 
but  is  a historical  appellation  assigned  to  the 
classic  strain  used  in  genetic  lesearch.  (There  are 
also  wild-type  strains  of  E.  cult  causing  urinary 
tract  infections  which  carry  a "KI2"  capstdar 
polysaccharide  antigen:  these  strains  are  not  re- 
lated to  the  traditional  E.  coli  kl2  used  in  gen- 
etics experiments.) 

Epidc-minlugs  of  E.toli  Infection 

The  diseases  caused  by  E.  coli  are  divided  into 
two  broad  groups,  intestinal  and  extraintestinal 
infections  In  the  United  States,  E.  coli  intesti- 
nal disease,  generally  manifesting  itself  by  mild 
diarrhea,  is  relatively  uncommon  [29,  30],  The 
organisms  are  transmitted  by  the  fecal-oral  route. 
Ferson-to-jKTson  spread  is  rather  unlikely,  and 
for  this  reason  secondary  transmission  of  E.  coli 
from  the  index  case  to  another  person  is  rarely 
observed.  These  epidemiologic  characteristics  are 
based  on  the  requirement  for  a large  oral  inocu- 
lum of  F..  coli  to  initiate  disease,  an  inoculum 
estimated  to  be  at  least  10fi-101"  organisms  [29, 
31].  Under  natural  circumstances,  only  highly 
contaminated  sources  such  as  food  and  water  can 
serve  as  vehii les  of  transmission. 

The  extraintestinal  diseases  include  urinary 
tract  infections,  septicemia,  meningitis,  pneumo- 
nia. and  wound  infections.  The  E.  coli  strains  re- 
sponsible for  these  infections  are  different  from 
those  causing  intestinal  disease  [2-4,  32,  33].  E.  coli 
is  a leading  cause  of  community-acquired  infec- 
tions that  lead  to  hospitalization  [29].  The  uri- 
nary tract  is  the  major  site.  In  community- 
acquired  infections  of  the  urinary  tract,  approxi- 


U55] 


C18 


Gorbach 


mately  80%  are  caused  by  E.  coli.  Hospitalized 
patients  are  also  prone  to  E.  coli  infection.  In- 
deed, this  organism  is  the  leading  cause  of  noso- 
comial infections,  constituting  approximately 
20%  of  the  total.  Again,  the  urinary  tract  is  the 
major  site  of  hospital-acquired  disease.  Indwell- 
ing urinary  catheters  or  operative  procedures  are 
the  predisposing  causes  in  the  majority  of  E.  coli 
infections  related  to  hospitalization. 

E.  coli  Intestinal  Infections 

E.  coli  are  important  pathogens  in  diarrheal  dis- 
eases of  young  animals.  In  the  developing  coun- 
tries of  the  world,  E.  coli  causes  serious  diar- 
rhea in  young  children  [30],  This  organism  also 
is  the  leading  cause  of  the  diarrhea  of  travelers 
[34,  35].  In  the  United  States  and  England,  how- 
ever, E.  coli  diarrhea  is  relatively  uncommon. 
The  organisms  responsible  for  intestinal  infec- 
tions in  humans  fall  into  certain  O serogroups. 
Among  the  toxigenic  organisms,  at  least  two 
viridence  factors,  genetically  controlled  by  dif- 
ferent plasmids,  are  required  for  a fully  patho- 
genic strain  [26],  The  organism  must  produce  an 
enterotoxin,  either  a heat-labile  (LT)  or  heat- 
stable  (ST)  variety.  In  addition,  the  organism 
must  be  capable  of  colonizing  in  the  small  intes- 
tine, a property  that  is  related  to  a pilus  or  pro- 
tein antigen.  These  K antigens  are  host-specific; 
thus,  the  K88  type  is  associated  with  diarrhea  in 
piglets,  the  K99  in  calves,  and  a different  type,  as 
yet  unclassified,  is  specific  for  humans  [27]. 

The  invasive  strains  of  E.  coli  fall  within  an- 
other group  of  serotypes  and  possess  different 
mechanisms  of  pathogenicity.  Behaving  like  shi- 
gella organisms,  the  invasive  E.  coli  are  capable 
of  penetrating  the  intestinal  mucosa  of  the  large 
bowel  and  multiplying  within  the  epithelial  cells; 
they  cause  a disease  similar  to  bacillary  dysen- 
tery [31].  Again,  implantation  in  the  bowel  is 
the  critical  first  step  in  the  pathogenic  events. 

Extraintestinal  Infections  Caused  by  E.  coli 

E.  coli  strains  that  are  isolated  from  patients  with 
septicemia,  urinary  tract  infections,  pneumonia, 
and  wound  infections  possess  certain  character- 
istics more  frequently  than  do  strains  isolated 
from  the  normal  flora.  As  reported  by  Minshew 


et  al.,  pathogenic  strains  exhibited  hemolysin 
production,  biosynthesis  of  colicin  V,  hemagglu- 
tination of  human  erythrocytes,  and  the  ability 
to  kill  13-day-old  chick  embryos  [33].  E.  coli  K12 
was  found  to  be  deficient  in  all  of  these  charac- 
teristics. 

Urinary  tract  infections  caused  by  E.  coli 
have  been  the  subject  of  extensive  epidemiologic 
and  laboratory  study.  The  O serotypes  isolated 
from  infected  urine  are  restricted  to  relatively 
few  groups  which  may  show  some  variation  in 
different  parts  of  the  world  [36].  The  most  preva- 
lent serotypes  are  Ol,  02,  04,  06,  050,  and 
075.  These  serogroups  are  also  the  most  frequent 
in  the  intestinal  microflora,  although  there  are 
some  anomalies  such  as  06,  which  is  more  fre- 
quently associated  with  infection  than  with  bow- 
el carriage.  Similarly,  there  is  a relatively  re- 
stricted group  of  K surface  antigens  associated 
with  urinary  tract  infections:  Kl,  K2,  K3,  K5, 
K12,  and  K13  [23]. 

Montgomerie  and  his  colleagues  have  de- 
scribed virulence  factors  in  E.  coli  that  promote 
the  development  of  pyelonephritis  [32],  These 
features  are  resistance  to  phagocytosis  and  serum 
bactericidal  activity,  presence  of  K antigen,  dul- 
citol  fermentation,  and  the  ability  to  multiply 
in  urine  or  in  minimal  medium.  Of  this  list,  E. 
coli  K12  possesses  only  dulcitol  fermentation  as  a 
regular  character. 

The  pathogenesis  of  community-acquired  uri- 
nary tract  infection  is  fry  the  ascending  route, 
from  the  urethra,  to  the  bladder,  and  upward  to 
the  kidneys.  Stamey  et  al.  base  shown  that  the 
initiating  event  is  colonization  of  the  vaginal  in- 
troitus  and  periurethral  mucosa  by  coliforms 
which  are  derived  from  the  intestinal  flora  [37, 
38].  Women  who  have  never  experienced  urinary 
tract  infections  rarely  have  colonization  of  this 
site.  On  die  other  hand,  prospective  studies  have 
demonstrated  colonization  of  the  vaginal  introi- 
tus  prior  to  development  of  overt  urinary  tract 
infection. 

There  are  two  schools  of  thought  regarding  the 
nature  of  E.  coli  associated  with  urinary  tract  in- 
fections. One  view  asserts  that  the  pathogens,  be- 
ing in  the  intestinal  microflora,  are  “in  the  right 
place  at  the  right  time.”  The  other  view  suggests 
that  the  urinary  tract  pathogens  are  endowed 
with  “special  properties”  to  produce  infection. 
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On  the  basis  of  current  evidence,  it  appears  that 
both  formulations  arc  relevant.  There  is  no  doubt 
that  the  organisms  causing  such  infection  must 
be  implanted  in  the  intestinal  microflora  in  or- 
der to  coloni/e  the  periurethral  mucosa  subse- 
quently. This  explains  the  high  correlation  be 
tween  serotypes  in  the  urinary  tract  and  those 
in  the  feces.  There  are.  however,  a multiplicity 
of  serotypes  in  the  intestinal  flora,  whereas  only 
a single  serotyjx;,  or  on  rare  occasions  two.  causes 
infection  at  any  given  time.  Hence,  there  is  selec- 
tivity operating,  which  can  be  further  demon- 
strated by  the  virulence  factors  associated  with 
urinary  tract  pathogens.  The  evidence  strongly 
suggests  that  urinary  tract  pathogens  must  be  ca- 
pable of  colonizing  the  bowel  of  the  host,  as  well 
as  possessing  certain  special  properties. 

Studies  of  £.  t ali  K 12 

The  pedigTce  of  this  classic  strain  starts  with  an 
isolation  at  Stanford  in  1922  from  the  feces  of  a 
patient  with  diphtheria.  Tlte  strain  was  main- 
tained for  many  years  in  laboratory  culture  until 
its  use  in  genetic  studies  by  l.edcrberg  and  Ta- 
tum in  1017.  Since  that  time,  it  lias  been  pass- 
aged on  numerous  agar  slants  and  widely  em- 
ployed in  a variety  of  experimental  situations. 
Actually,  there  are  a vast  number  of  progeny  of 
the  original  K12  strain  which  possess  different 
genotypic  and  phenotypic  characteristics.  The 
pedigrees  of  these  derivatives  have  been  summar- 
ized [39],  All  of  them,  however,  are  "rough"  mu- 
tants with  no  detectable  O-antigen  specificity 
[40].  Their  features  are  related  to  a block  in  the 
synthesis  of  O-specific  chains  of  lipopolysaccha- 
ride  clue  to  a mutation  in  the  h is  (histidine)- 
linked  tfb  region  of  the  chromosome  [41].  Sero- 
logical and  phage  studies  show  that  the  lipopoly- 
saccharitle  core  of  F..  coli  KI2  is  different  from 
all  known  core  types  of  wild-type  E.  colt  and  Sal- 
mottclla  [41.  12].  The  M antigens  (cholanic  acid), 
which  are  common  to  most  Enterobacteriaceae, 
are  elaborated  by  the  K12  strain;  this  antigen  is 
responsible  for  the  mucoid  character  of  K.12  or- 
ganisms growing  on  agar  plates  [21]. 

Since  colonization  of  the  intestine  is  fell  to  be 
an  initial  event  in  many  pathologic  states  involv- 
ing E.  coli,  it  is  natural  that  this  feature  has  been 
the  subject  of  several  investigations.  It  is  fair  to 


state  that  there  have  been  no  instances  in  which 
the  ingested  strain  of  E.  coli  K12  lias  been  im- 
planted in  the  human  intestine.  Smith  fed  eight 
different  E.  coli  K12  strains,  containing  various 
transmissible  plasmids,  to  a volunteer  at  high  do- 
ses (10")  [-13].  Some  strains  could  not  be  iso- 
lated at  all  from  the  feces,  while  others  persisted 
in  progressively  reduced  counts  for  a period  of  up 
to  four  days.  The  experiment  was  subsequently 
repeated,  and  there  was  again  no  persistence  be- 
yond lour  days.  To  increase  the  likelihood  of  im- 
planting E.  colt  KI2  in  the  gut.  Smith  then  used 
a KI2  strain  that  had  inserted  in  it  the  colicin  V 
(ColV)  plasmid  of  a wild-tv  pc  F..  coli  [44].  (ColV 
promotes  the  survival  of  wild-type  E.  coli  in  the 
intestinal  tract.)  When  a volunteer  consumed  the 
RI2  strains  with  and  without  the  ColV  plasmid, 
the  strains  were  eliminated  from  the  feces  in  an 
ecpial  time  frame,  none  persisting  more  than  four 
days. 

Anderson  attempted  similar  implantations 
with  F..  coli  K12  strains  in  eight  volunteers  who 
received  doses  of  up  to  10'"  organisms  [45].  The 
maximal  period  of  fecal  excretion  ol  the  test 
strains  was  six  days,  with  a mean  of  three  days. 
These  studies  were  repeated,  again  using  eight 
volunteers,  and  the  same  findings  were  observed. 
Gorbach  re|x>rtcd  at  this  meeting  unsuccessful 
attempts  at  implanting  E.  coli  K12  in  two  pa- 
tients with  defective  bacterial  clearing  mecha- 
nisms in  the  small  bowel  In  one  case,  the  patient 
had  a stricture  in  the  ileum,  and  the  other  pa- 
tient had  severe  diarrhea  due  to  cholera.  The 
K12  strain  was  eliminated  from  the  small  bowel 
and  feces  within  21  hr  in  both  patients. 

A number  of  investigators  have  tried  in  vain 
to  implant  El.  coli  K12  in  the  intestinal  tract  of 
laboratory  animals  [10.  16],  Negative  results  have 
been  noted  in  mice,  rats,  chickens,  pigs,  and 
calves  E.  coli  K12  has  been  able  to  colonize  the 
stomach  of  starved  sheep.  However,  these  animals 
possess  a complex  stomach  consisting  of  a ru- 
men; Smith  has  referred  to  this  situation  as  a 
“test-tube"  experiment.  Freter  has  told  us  at  this 
meeting  of  his  success  in  implanting  £.  coli  K12 
into  a germ-free  mouse  [10],  The  germ-free  ani- 
mal will  accept  virtually  any  enteric  organism 
for  colonization  even  when  the  strain  cannot  im- 
plant in  animals  with  a conventional  microflora. 
On  the  other  hand,  Freter  noted  that  the  fur- 
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tlier  debilitated  K.12  strain,  ^]776,  failed  to  im- 
plant even  in  the  germ-free  mouse.  This  has  been 
ascribed  to  the  sensitivity  of  this  strain  to  bile 
salts  that  are  present  in  the  intestinal  lumen. 

A number  of  variables  are  known  to  influence 
the  colonization  of  organisms  in  the  intestinal 
tract.  Implantation  can  be  altered  by  antibiotic 
administration,  starvation,  the  t\pe  of  diet,  re- 
duction in  gastric  acid,  and  antimotility  drugs.  It 
is  clear  that  more  implantation  experiments  need 
to  be  performed  with  attention  to  these  vari- 
ables, many  of  which  may  be  found  in  laboratory 
workers  exposed  to  these  organisms.  It  is  impor- 
tant to  note  that  once  £.  coli  K.12  has  been  estab- 
lished in  the  germ-free  animal,  the  addition  of 
wild-type  strains  to  the  flora  fails  to  dislodge  it. 
This  finding  may  have  implications  for  feeding 
experiments,  particularly  those  involving  sub- 
jects receiving  antibiotics  to  which  the  specific 
K12  may  be  resistant. 

Attempts  to  Augment  Virulence  in  £.  coli  K12 

A number  of  virulence  genes  have  been  iden- 
tified in  wild-type  strains  of  £.  coli  that  are  as- 
sociated with  either  enteric  or  nonenteric  dis- 
ease. Using  a model  of  intestinal  infection,  Smith 
transferred  the  plasmids  for  K99  and  the  entero- 
toxin  into  E.  coli  K12  [44].  These  strains  were 
fed  to  four  colostrum-deprived  calves,  animals 
that  are  highly  susceptible  to  the  wild-type  toxi- 
genic strains.  One  animal  developed  slight  diar- 
rhea, but  all  of  the  calves  remained  well.  When 
they  were  sacrificed,  at  30  hr  there  was  no  pro- 
liferation of  the  K12  strains  in  the  small  or  large 
intestine.  The  fully  virulent,  wild-type  strain 
produced  severe  diarrhea  in  these  animals  and 
proliferated  in  large  numbers  within  the  small 
intestine. 

Minshew  et  al.  transferred  two  virulence 
properties,  hemolysin  and  colicin  V,  into  E.  coli 
K12  strains  [33].  When  tested  in  their  13-day-old 
chick  embryo  model,  the  recipient  K12  strains 
still  failed  to  show  virulence.  Smith  performed 
a similar  experiment  but  used  a different  animal 
test  system,  inoculation  into  chickens  [44].  The 
K12  strain  that  had  received  ColV  plasmids  from 
wild-type  strains  of  E.  coli  did  demonstrate  in- 
creased lethality  in  chickens.  However,  the  dose 
required  to  produce  death  with  the  K12  strain 


containing  ColV  was  very  large,  as  compared  with 
a relatively  small  dose  needed  for  the  wild-type 
ColV  strains. 

Several  attempts  have  been  made  by  Formal 
and  his  coworkers  to  transfer  genetic  material 
from  virulent  shigella  strains  into  E.  coli  K12 
[47].  The  primary  focus  of  these  studies  was 
to  produce  vaccines  with  the  K12  strain  that 
could  colonize  the  bowel  and  possess  enough  shi- 
gella antigen  to  evoke  a local  immune  response. 
Despite  transfer  of  all  of  the  recogni/ed  virulence 
genes  identified  with  Shigella  into  E.  coli  K12, 
there  has  been  no  success  in  producing  a recipi- 
ent strain  that  could  colonize  the  bowel  or  pene- 
trate the  intestinal  mucosa.  When  these  strains 
were  administered  to  volunteers,  there  were  no 
clinical  signs  of  diarrhea.  The  recipient  K12 
strains  were  eliminated  within  six  days  or  less, 
results  similar  to  those  reported  by  Anderson 
with  other  E.  coli  feeding  experiments.  Similar 
studies  have  been  performed  with  Salmonella. 
Formal  has  concluded  that  the  invasive  proper- 
ty is  determined  by  a multiplicity  of  genes;  he 
has  stated,  “We  consider  it  unlikely  that  the  ran- 
dom insertion  of  foreign  DNA  into  the  E.  coli  K12 
genome  coidd  supply  all  of  the  genetic  informa- 
tion necessary  to  convert  this  organism  into  an 
invasive  enteric  pathogen"  [20]. 

The  Lack  of  Epidemic  Potential  of  £.  coli  K12 

On  the  basis  of  the  available  evidence,  the  parti- 
cipants in  the  Workshop  agreed  to  the  consensus 
statement  that  £.  coli  K12  could  not  be  con- 
verted into  an  epidemic  pathogen.  In  the  first 
instance,  colonization  of  the  intestine  by  £.  coli 
K12  has  proven  difficult,  if  not  impossible,  in  con- 
ventional animals  and  in  human  volunteers. 
Transfer  of  virulence  genes  into  £.  coli  K12  has 
not  produced  a fully  pathogenic  strain,  although 
the  ColV  experiments  of  Smith  suggest  that  some 
increase  in  pathogenic  potential  could  be 
achieved.  Finally,  communicability  and  spread 
of  this  organism  from  person  to  person  is  con- 
sidered extremely  unlikely  because  of  its  fragil- 
ity in  nature  and  the  high  degree  of  sanitation 
and  public  health  procedures  in  this  country. 
Thus,  the  three  tenets  for  pathogenicity — coloniz- 
ation, the  capacity  to  produce  disease,  and  com- 
municability— are  blocked,  and  it  is  not  felt 
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possible  to  convert  the  kl2  strain  into  an  epi- 
demic pathogen. 

Whether  the  organism  could  Ire  concerted  to 
a pathogen  even  in  terms  of  an  individual  labora- 
tory worker  is  still  moot.  It  is  recognized  that  a 
large  inoculum  would  l>c  required  to  induce  in- 
testinal colonization  or  infection.  Most  ol  the  in- 
fectious diseases  caused  b\  E.  coli  arc  associated 
with  colonization  ol  Ixxlv  surfaces  and  mucous 
membranes,  particularly  in  the  intestine.  The 
lartors  influencing  colonization  and  those  re- 
sponsiblc  for  disease  production  are  controlled 
by  a number  of  genetic  elements.  Even  the  sur- 
face antigens  have  to  have  certain  antigenic  struc- 
tures iu  order  to  render  the  strain  pathogenic. 
The  other  virulence  factors  constitute  a diverse 
list  controlled  by  chromosomal  and  extrachromo- 
somal  genes.  Hence,  it  is  difficult  to  conceive  that 
the  multiple  deficiencies  of  E.  coll  k 12  could  be 
corrected  by  a random,  or  even  designed,  inser- 
tion of  foreign  DNA.  Pike  has  recently  analyzed 
3,921  cases  of  laboratory-associated  infections 
[17].  Only  two  instances  were  caused  by  E.  coli. 
In  the  30  years  that  E.  coli  K12  has  been  used  in 
genetics  research,  there  have  been  no  reported 
cases  of  laboratory  acquired  infections  due  to  this 
organism  Monitoring  the  fecal  flora  of  laboratorv 
workers  over  a two-year  period  in  a P-1  type  of 
facility  failed  to  reveal  the  K 12  organisms  (marked 
bv  nalidixic  acid  resistance)  or  the  self  transmis- 
sible plasmids  used  in  the  experiments  [48]  Never- 
thelcss.  the  issue  of  pathogenicity  and  coloniza- 
tion in  an  individual  subject  requires  further 
investigation. 

Transmission  of  DNA  from  £.  co/i  K12  to 
Other  Organisms 

A potential  risk  in  recombinant  DNA  research 
is  the  transmission  of  the  cloned  DNA  insert 
from  the  E.  coli  kl2  vector  to  other  organ- 
isms within  the  intestinal  flora.  This  concern  has 
prompted  a scries  of  investigations  into  the  trans- 
missihility  of  plasmid  DNA  in  £.  coli  K12. 
Smith  fed  10"  E.  coli  kl2  organisms  to  a normal 
volunteer  [II].  He  used  several  strains  which 
contained  self-transmissible  plasmids  of  the  F,  1. 
or  A2  tr.mslei  groups.  These  strains  could  trans- 
fer in  vitro  tire  tetracycline  resistance  plasmids 
to  an  E.  coli  k!2  recipient  and  to  resident  E. 


coli  from  the  normal  flora  of  the  volunteer. 
When  the  strains  were  fed  to  the  volunteer,  how- 
ever. they  were  eliminated  from  the  feces  within 
four  days,  and  there  was  no  evidence  of  in  vivo 
plasmid  transfer  to  resident  strains  or  to  suscep- 
tible k!2  and  H123  E.  coli  strains  fed  in  the 
same  ingested  sample.  This  experiment  was  re- 
peated, and  again  there  was  failure  to  transfer 
in  vivo  the  tetracycline  resistance  plasmid. 

Anderson  fed  large  numbers  of  £.  coli  kl2 
organisms  which  contained  a nonconjugative  plas- 
mid to  eight  volunteers  [49].  In  no  instance  was 
plasmid  transfer  to  normal  flora  demonstrated  in 
vivo.  However,  in  vitro  studies  showed  that  £. 
coli  strains  from  the  normal  flora  of  three  of 
eight  subjects  carried  transfer  plasmids  which 
could  mobilize  one  of  the  nontransmissible  plas- 
mids. but  not  the  other.  Anderson  suggested  that 
“transfer  would  therefore  l>c  possible  if  a suit- 
able ronjugative  plasmid  entered  a strain  carry- 
ing a nonautotransferring  hybrid  plasmid." 

Curtiss  described  in  vitro  transfer  experiments 
in  which  he  measured  the  mobilization  of  a se- 
ries of  recently  dcvelo]>ed.  nonconjugative  plas- 
mids under  optimal  laboratory  conditions  [46], 
He  estimated  that  the  maximal  probability  for 
transmission  of  such  plasmid  vectors  from  an  £. 
coli  kl2  host  is  10  16  per  surviving  bacteria  per 
day  in  the  intestinal  tract  of  warm-blooded  ani- 
mals. He  emphasized  that  the  chance  of  transfer 
is  even  less  since  other  factors,  not  taken  into 
account,  would  reduce  transfer  in  the  intestinal 
tract.  The  in  vivo  deterrents  include  the  fol- 
lowing (actors.  (/)  Diminished  bacterial  meta- 
Irolic  activiiv  leads  to  decreased  conjugation.  In 
the  test  tulre,  the  generation  time  of  £.  coli  is 
20—10  min.  but  it  is  4-6  hr  in  the  intestinal  tract. 
(2)  Conjugation  is  inhibited  by  fatty  acids,  bile, 
and  other  constituents  of  the  gut.  (4)  Conjuga- 
tion is  inefficient  at  the  pH  and  Eh  (oxidation- 
reduction  |jotential)  of  the  intestine. 

It  was  the  consensus  of  the  participants  that 
the  transmissibility  studies,  while  given  some  com- 
fort bv  their  negative  findings,  are  not  sufficient 
in  number  or  in  scojxr  to  exclude  the  potential 
risk  in  this  area.  In  addition,  several  discussants 
raised  the  possibility  of  transfer  of  genetic  mater- 
ial to  indigenous  flora  and  to  somatic  cells  of  the 
host  by  unknown  mechanisms.  Within  the  com- 
plex milieu  of  the  intestinal  tract,  it  is  possible 
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that  such  transfer  proceeds  in  ways  not  discerni- 
ble in  the  test  tube  or  in  artificial  laboratory 
conditions.  More  animal  and  human  feeding  ex- 
periments should  be  performed  to  confirm  the  pre- 
vious observations  and  to  provide  further  assur- 
ance that  in  vivo  transfer  of  these  plasmids  would 
not  occur.  Additional  experiments  need  to  be 
designed  for  study  of  viral  inserts  since  this  rep- 
resents another  area  of  concern.  (A  special  con- 
ference has  been  convened  to  deal  with  the 
problems  of  viruses  and  oncogenic  gene  seg- 
ments.) As  an  initial  step,  the  participants  have 
developed  a series  of  experimental  protocols  for 
risk  assessment  experiments.  Such  experiments 
would  evaluate  colonization,  accpiisition  of  viru- 
lence, and  promiscuous  transmission  of  foreign 
DNA  inserts.  This  process  will  allow  a rational 
evolution  of  laboratory  guidelines  for  conduct- 
ing recombinant  DNA  experimentation  with  E. 
coli  K12. 
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Enclosed  is  a copy  of  proposed  revisions  of  the  NIH  Guidelines  on 
Recombinant  DNA  Research,  as  published  in  the  Federal  Register  on 
Tuesday,  September  27,  1977.  These  proposed  revisions  were  referred 
to  me  on  September  1,  1977,  by  the  NIH  Recombinant  Advisory  Committee, 
which  had  proposed  the  original  Guidelines.  The  revisions  were 
developed  by  the  Committee  on  the  basis  of  information  accumulated  on 
the  effectiveness  of  physical  and  biological  containment  and  on  the 
biology  of  the  hosts  and  vectors  utilized  in  recombinant  DNA  research. 

I want  to  emphasize  that  these  proposed  revised  Guidelines  are  not 
final  and  that  the  NIH  Guidelines  on  Recombinant  DNA  Research,  as  pro- 
mulgated in  July  1976,  continue  to  govern  NIH-supported  or  -conducted 
recombinant  DNA  research.  These  proposed  revised  Guidelines  have  been 
published  for  comment  not  only  in  the  Federal  Register  but  also  in  the 
NIH  Recombinant  DNA  Technical  Bulletin.  This  Bulletin  is  a new  NIH 
publication  that  will  attempt  to  link  investigators  involved  in  recom- 
binant DNA  research  in  the  United  States  ar  abroad  with  the  advisory 
groups  and.- organi  zat ions  active  in  this  ar 

Because  of  your  stated  interest  in  t development  of  the  NIH 
Guidelines,  I would  appreciate  your  revi  ing  these  proposed  revisions. 
Your  comments  will  be  considered  by  me  and  by  the  Advisory  Committee 
to  the  Director,  NIH,  at  its  December  meet  ng . On  the  basis  of  the 
comments  received  and  review  by  the  Advis'  y Committee,  I will  subse- 
quently issue  final  Guidelines  accompanie<  jy  a Decision  document 
explaining  the  modifications. 

I welcome  your  comments  on  these  proposed  revisions  to  the  NIH 
Guidel ines . 


Donald  S.  Fredrickson,  M.D 
Director 


Enclosure 


[162] 


TUESDAY,  SEPTEMBER  27,  1977 

PART  III 


DEPARTMENT  OF 
HEALTH, 

EDUCATION,  AND 
WELFARE 

National  Institutes  o(  Health 


RECOMBINANT  DNA 
RESEARCH 


Proposed  Revised  Guidelines 


[163] 


49596 


NOTICES 


DEPARTMENT  OF  HEALTH, 
EDUCATION,  AND  WELFARE 

National  Institutes  of  Health 
RECOMBINANT  DNA  RESEARCH 
Proposed  Revised  Guidelines 

On  June  23,  1976,  the  Director,  Na- 
tional Institutes  of  Health  (NIH),  with 
the  concurrence  of  the  Secretary  of 
Health,  Education,  and  Welfare  and  the 
Assistant  Secretary  for  Health,  issued 
guidelines  that  govern  the  conduct  of 
NIH -supported  research  involving  re- 
combinant DNA  molecules.  These  guide- 
lines appeared  in  the  Federal  Register, 
July  7,  1976  (41  FR  27902  et  seq.).  The 
purpose  of  this  notice  is  to  report  devel- 
opments since  that  publication  and  to 
invite  public  comment  on  the  following 
draft  proposing  revised  guidelines. 

In  recombinant  DNA  experiments, 
"genes” — deoxyribonucleic  acid  (DNA) 
molecules — from  living  organisms  can 
be  transferred  to  single  cells  from  com- 
pletely unrelated  organisms.  These  ex- 
periments depend  on  the  ability  to  join 
genetic  material  from  different  sources 
and  to  propagate  the  resulting  elements 
in  single  bacterial  and  animal  cells. 

The  new  recombinant  DNA  technique 
has  resulted  in  a profound  and  qualita- 
tive change  in  the  field  of  gentics.  Devel- 
opments in  genetic  research,  particularly 
in  the  last  4 years,  open  avenues  to  sci- 
ence that  were  previously  inaccessible. 
Hypotheses  and  ideas  that  were  not  test- 
able can  now  be  rigorously  investigated. 
Understanding  of  basic  biological  phe- 
nomena has  already  been  enhanced,  and 
the  promise  of  recombinant  DNA  re- 
search for  better  understanding  and  im- 
proved treatment  of  human  disease  is 
great.  Further  experimental  data  will  be 
required  to  delimit  the  benefits  that  may 
be  derived  through  this  techniques. 

There  is  also  a possible  risk  that  micro- 
organisms with  foreign  genes  could  cause 
disease  or  adversely  affect  the  environ- 
ment if  they  should  escape  from  the  labo- 
ratory and  infect  human  beings,  animals, 
or  plants.  Many  recombinant  DNA  ex- 
periments have  been  conducted  through- 
out the  world  during  the  past  5 years  and 
are  continuing.  To  date,  no  known  haz- 
ardous organism  has  been  produced  in 
this  work.  Thus,  the  risk  of  converting 
harmless  organisms  to  harmful  ones  by 
recombinant  DNA  experiments  remains 
hypothetical.  Further  work  will  eventu- 
ally determine  the  limits  of  these  hypo- 
thetical risks. 

Approximately  3 years  ago,  because  of 
the  perceived  potential  hazards,  scien- 
tists conducting  recombinant  DNA  re- 
search called  for  a moratorium  on  cer- 
tain experiments  pending  an  assessment 
of  risk  and  the  development  of  appropri- 
ate guidelines.  These  scientists  requested 
NIH  to  create  an  advisory  committee  to 
develop  such  guidelines. 

In  December  1975  the  NIH  Recombi- 
nant DNA  Molecule  Program  Advisory 
Committee  Cor  simply  Recombinant  Ad- 
visory Committee)  proposed  guidelines 
to  the  Director  of  NIH.  The  guidelines 
were  reviewed  at  a public  hearing  before 
the  Advisory  Committee  to  the  Director, 


NIH,  in  Februray  1976.  After  a review  of 
all  public  comments,  NIH  Guidelines 
were  rleeased  on  June  23,  1976,  accom- 
panied by  a Director’s  Decision  address- 
ing the  issues  raised  at  the  public  hear- 
ing and  in  subsequent  correspondence. 
The  Guidelines  set  strict  conditions  for 
the  conduct  of  NIH -supported  research 
in  this  area.  They  prohibit  certain  types 
of  experiments  and  require  special  safety 
conditions  for  other  types.  The  provisions 
are  designed  to  afford  protection  with  a 
wide  margin  of  safety  to  workers,  the 
public,  and  the  environment.  On  July  7, 
1976,  the  NIH  Guidelines  were  published 
in  the  Federal  Register,  and  on  Septem- 
ber 9,  1976,  a Draft  Environmental  lip- 
pact  Statement  on  the  Guidelines  was 
similarly  presented  for  public  comment 
(41  FR  38425  etseq.). 

A Federal  Interagency  Committee  on 
Recombinant  DNA  Research  recom- 
mended in  March  1977  that  legislation 
be  passed  to  extend  the  standards  of  the 
NTH  Guidelines  to  all  recombinant  DNA 
activities  in  the  public  and  private  sec- 
tors. On  the  basis  of  the  recommenda- 
tions, Health,  Education,  and  Welfare 
Secretary  Joseph  A.  Califano,  Jr.,  had 
legislation  developed,  and  an  Adminis- 
tration bill  was  introduced  in  Congress. 
Congressional  hearings  were  held  and 
seperate  bills  are  now  being  considered 
by  the  House  of  Representatives  and  the 
Senate  to  convert  the  Guidelines  to 
standards  for  regulatory  purposes.  It 
should  be  noted  that  certain  types  of  ex- 
periments now  covered  in  the  Guidelines 
would  no  longer  be  subject  to  regulation 
in  the  bills. 

On  April  11,  1957,  the  Secretary, 
DHEW,  adopted  as  official  policy  for 
DHEW  the  “NIH  Guidelines  for  Re- 
search Involving  Recombinant  DNA 
Molecules”  (42  FR  40485).  The  NIH 
Guidelines,  as  released  in  1976,  have  gov- 
erned all  NIH  supported  or  conducted 
recombinant  DNA  research.  From  dis- 
cussions relating  to  the  release  of  the 
NIH  Guidleines,  it  is  recognized  that 
there  is  need  for  a continual  updating  in 
light  of  new  knowledge.  In  1977  the  Re- 
combinant Advisory  Committee,  which 
had  proposed  the  original  guidelines, 
began  the  process  of  revising  the  current 
NIH  Guidelines  on  the  basis  of  informa- 
tion accumulated  on  the  effectiveness  of 
physical  and  biological  containment  and 
on  the  biology  of  the  hosts  and  vectors 
utilized  in  recombinant  DNA  research.  A 
Subcommittee  to  the  full  Committee  held 
open  meetings  in  March  and  April  to 
consider  comments  received  since  the 
NIH  Guidelines  were  released.  On  the 
basis  of  these  deliberations,  revisions 
were  proposed  and  were  considered  by 
the  full  Committee  at  public  meetings  in 
May  and  June.  On  September  1, 1977,  the 
proposed  revised  Guidelines  were  re- 
ferred to  the  Director,  NIH,  for  final 
decision. 

The  proposed  revised  Guidelines  will 
be  published  in  September  for  comment 
in  the  “NIH  Recombinant  DNA  Tech- 
nical Bulletin.”  The  Bulletin  is  a new 
NIH  publication  that  will  attempt 
to  link  investigators  involved  in  recombi- 
nant DNA  research  both  in  the  United 


States  and  abroad  with  the  advisory 
groups  and  organizations  active  in  this 
area. 

To  provide  further  opportunity  for 
public  comment  and  consideration,  the 
proposed  revised  Guidelines  are  offered 
below.  All  comments  received  will  be 
considered  by  the  Director,  NIH,  and  by 
the  Advisory  Committee  to  the  Director, 
NIH,  at  its  December  meeting.  On  the 
basis  of  the  comments  received  and  re- 
view by  the  Advisory  Committee,  the  Di- 
rector will  subsequently  issue  final 
Guidelines  accompanied  by  a decision 
document  explaining  the  modifications. 

Please  address  any  comments  on  these 
draft  policies  and  procedures  to  the  Di- 
rector, National  Institutes  of  Health, 
9000  Rockville  Pike,  Bethesda,  Md.  20014. 
All  comments  should  be  received  by  No- 
vember 15,  1977.  Additional  copies  of  this 
notice  are  available  from : 

Director,  Office  of  Recombinant  DNA  Activi- 
ties, Building  31,  Room  4A52,  National  In- 
stitutes of  Health,  9000  Rockville  Pike, 
Bethesda,  Md.  20014. 

Dated:  September  16,  1977. 

Donald  S.  Fredrickson, 
Director, 

National  Institutes  of  Health. 
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A.  Packaging  and  shipping  of  recombinant 
DNA  materials. 

B.  Classification  of  microorganisms  on  the 
basis  of  hazard. 

I.  Introduction 

The  purposes  of  these  Guidelines  Is  to 
establish  procedures  for  handling  organisms 
and  viruses  containing  recombinant  DNA 
molecules.  Recombinant  DNA  molecules  are 
defined  as  molecules  consisting  of  segments 
of  DNA  from  different  genomes  which  have 
been  Joined  end-to-end  outside  living  cells 
and  have  the  capacity  to  Infect  some  host 
cell  and  be  maintained  therein.  These 
Guidelines,  however,  pertain  only  to  "novel 
recombinant  DNAs,”  here  defined  as  mole- 
cules that  consist  of  segments  of  any 
DNA  from  different  species  that  are  not 
known  to  exchange  chromosomal  DNA  by 
natural  physiological  processes.  The  Director 
of  NIH  with  the  advice  of  the  Recombinant 
DNA  Molecule  Program  Advisory  Committee 
shall  prepare  the  list  of  those  combinations 
of  DNAs  (viral,  extrachromosomal  or  chromo- 
somal) which  are  not  considered  novel  for 
this  purpose  and  are.  therefore,  not  covered 
by  these  Guidelines.  In  general,  recombinant 
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DNA  molecules  formed  from  any  combina- 
tion of  DNA*  will  not  be  considered  novel 
when  all  the  components  are  derived  from 
genomes  known  to  replicate  within  the  orga- 
nism uasd  to  propagate  the  recombinant 
DNA.* 

A major  task  of  this  Committee  has  been 
first  to  prepare  and  then  periodically  to  re- 
vise Ouldellnes  that  will  allow  the  promise 
of  recombinant  DNA  research  to  be  realized, 
while  providing  the  caution  that  la  dictated 
by  concerns  about  the  possibility  of  hazard, 
however  remote. 

Tha  present  revisions  take  Into  account 
many  communications  from  both  scientists 
and  non-sclentlsta  since  the  original  publi- 
cation of  the  Ouldellnes  During  this  period 
the  Committee  has  also  become  better  In- 
formed about  the  general  ecology  and  epi- 
demiology of  Infectious  microorganisms  Of 
particular  relevance  has  been  the  Informa- 
tion received  from  many  medical  micro- 
biologists. Including  data  from  experiments 
with  tschericMa  coll  K-13.  These  experi- 
ments Include  a demonstration  that  strain 
K-13  cannot  be  made  pathogenic  even  when 
provided,  by  standard  genetic  techniques, 
with  the  genes  for  known  toxins  and  other 
pathogenic  properties.  Other  relevant  experl- 
menu  that  have  been  reported  show  that  the 
Incorporation  of  foreign  DNA  does  not  In- 
crease. but  rather  tends  to  decrease,  the  gen- 
eral Otness  of  microorganisms,  this  phe- 
nomenon further  contributes  to  the  unlike- 
lihood that  cells  carrying  recombinant  DNA 
will  survive  In  nature  Indeed,  everything 
we  have  learned  tends  to  diminish  our  esti- 
mate of  the  risk  associated  with  recombinant 
DNA  In  t coll  K-13  Nevertheless,  the  re- 
vised Ouldellnes  continue  to  be  deliberately 
restrictive,  with  the  InUnt  of  erring  on  the 
tide  of  caution. 

In  constructing  these  Ouldellnes  It  was 
isceaaary  to  define  boundary  conditions  for 
he  different  levels  of  physical  and  biological 
ontalnment  and  for  the  classes  of  expert- 
nenU  to  which  they  apply  We  recognlxe 
hat  these  definitions  do  not  take  Into  ac- 
count all  existing  and  anticipated  Informa- 
tion on  special  procedures  that  will  allow 
particular  experiment*  to  be  carried  out 
under  different  conditions  than  Indicated 
her*  without  affecting  risk  Indeed,  we  urge 
that  Individual  Investigators  devise  simple 
and  more  effective  containment  procedures 
and  that  Investigators  and  study  sections 
recommend  changes  In  the  Ouldellnes  to 
permit  their  us*. 

It  la  urged  that  all  publications  dealing 
with  recombinant  DNA  work  Include  a de- 
scription of  the  physical  and  biological  con- 
tainment procedures  employed,  to  aid  others 
who  might  consider  repeating  this  work. 

XI  CoirranvifxxT 

Effective  biological  safety  programs  have 
been  operative  in  a variety  of  laboratories 
for  many  years.  Considerable  Information 
therefor*  already  exist*  for  the  design  of 
physical  containment  facilities  and  the  se- 
lection of  laboratory  procedures  appllcabls 
to  organisms  carrying  recombinant  DNAs 
11-14).  The  existing  programs  rely  upon 
mechanisms  that,  for  convenience,  can  be 
divided  into  two  categories:  (l)  A set  of 
standard  practices  that  are  generally  used  In 
microbiological  laboratories,  and  (II)  special 
procedures,  equipment,  and  laboratory  In- 
stallations that  provide  physical  barriers 
which  are  applied  In  varying  degrees  accord- 
ing to  the  estimated  blo-hazard. 

Experiment*  on  recombinant  DNAs  by 
their  very  nature  lend  themselves  to  a third 
containment  mechanism — namely,  the  appli- 
cation of  highly  specific  biological  barriers. 
In  fact,  natural  barriers  do  exut  which  limit 
either  the  inactivity  of  a vector  qr  vehicle 
(plasmid,  bacteriophage  or  virus)  to  specific 


hosts,  or  Its  dissemination  and  survival  In  the 
environment.  The  vectors  that  provide  the 
means  for  replication  of  the  recombinant 
DNAs  and/or  the  host  cells  In  which  they 
replicate  can  be  genetically  designed  to  de- 
crease by  many  orders  of  magnitude  the  prob- 
ability of  dissemination  of  recombinant 
DNAs  outside  the  laboratory. 

As  these  three  means  of  containment  are 
complementary,  different  levels  of  contain- 
ment appropriate  for  experiments  with  dif- 
ferent recombinants  can  be  established  by 
applying  different  combinations  of  the  physi- 
cal and  biological  barriers  to  a constant  use 
of  the  standard  practices.  We  consider  these 
categories  of  containment  separately  here 
In  order  that  such  combinations  can  be  con- 
veniently expressed  In  the  Ouldellnes  for  re- 
search on  the  different  kinds  of  recombinant 
DNAs  (Section  HI). 

A.  Standard  practical  and  training  The 
first  principle  of  containment  Is  a strict  ad- 
herence to  good  microbiological  practices 
(1-10).  Consequently,  all  personnel  directly 
or  Indirectly  Involved  In  experiments  on  re- 
combinant DNAs  must  receive  adequate  In- 
struction. This  should  Include  at  least 
training  in  aseptic  techniques  and  Instruc- 
tion in  the  biology  of  the  organisms  used 
In  the  experiments,  so  that  the  potential 
biohazards  can  be  understood  and  appreci- 
ated. 

Any  research  group  working  with  agents 
with  a known  or  potential  biohazard  should 
have  an  emergency  plan  which  describes  the 
procedures  to  be  followed  If  an  accident  con- 
taminates personnel  or  environment  The 
principal  Investigator  must  ensure  that 
everyone  In  the  laboratory  Is  familiar  with 
both  the  potential  hazard*  of  the  work  and 
the  emergency  plan.  If  a research  group  la 
working  with  a known  pathogen  for  which 
an  effective  vaccine  la  available,  all  worker* 
should  be  Immunized.  8erologlcal  monitor- 
ing. where  appropriate,  should  be  provided. 

B Physical  containment  levels — The  ob- 
jective physical  containment  la  to  confine 
organisms  containing  novel  recombinant 
DNA  molecule*,  and  thus  to  reduo*  the  po- 
tential for  exposure  of  the  laboratory  worker, 
persona  outside  of  th*  laboratory,  and  the 
environment  to  organlans  containing  novel 
recombinant  DNA  molecules  Physical  con- 
tainment Is  achieved  through  th*  use  of 
laboratory  practices,  containment  equip- 
ment. and  special  laboratory  design  Empha- 
sis Is  placed  on  primary  means  of  physical 
containment  which  are  provided  by  labora- 
tory practices  and  containment  equipment. 
Special  laboratory  design  provides  a second- 
ary means  of  protection  against  th*  acci- 
dental release  of  organisms  outside  th*  lab- 
oratory or  to  th*  environment.  Special  lab- 
oratory design  la  used  primarily  In  facilities 
in  which  experiments  of  moderate  to  high 
potential  hazards  are  performed. 

Combinations  of  laboratory  practices,  con- 
tainment equipment,  and  special  laboratory 
design  can  be  made  to  achieve  different  levels 
of  physical  containment.  Pour  levels  of  phys- 
ical containment,  which  are  designated  as 
PI.  P3.  P3.  and  P4.  are  described.  It  should 
be  emphasized  that  the  descriptions  and  as- 
signment* of  physical  containment  detailed 
below  are  baaed  on  existing  approaches  to 
containment  of  pathogenic  organlams  For 
example  the  "Classification  or  Etlologlc 
Agents  on  the  Basis  of  Hazard"  (3),  pre; 
pared  by  the  Center  for  Disease  Control, 
describes  four  general  levels  which  roughly 
correspond  to  our  descriptions  for  PI,  P2. 
P3.  and  P4:  and  the  National  Cancer  Insti- 
tute describes  three  levels  for  research  on 
oncogenic  viruses  which  roughly  correspond 
to  our  P3,  P3,  and  P4  levels  (3) . 

It  Is  recognized  that  other  combinations 
of  laboratory  practices,  containment  equip- 
ment. and  special  laboratory  design  may  be 


appropriate  for  containment  of  specific  re- 
search activities.  The  Ouldellnes.  therefore, 
allow  alternative  selections  of  primary  con- 
tainment equipment  within  facilities  that 
have  been  designed  to  provide  P3  and  P4 
levels  of  physical  containment.  The  selection 
of  alternative  methods  of  primary  contain- 
ment la  dependent,  however,  on  the  level  of 
biological  containment  provided  by  the  host- 
vector  system  used  in  the  experiment.  Con- 
sideration will  also  be  given  by  the  Recom- 
binant DNA  Molecule  Program  Advisory  Com- 
mittee to  other  combinations  which  achieve 
an  equivalent  level  of  containment.  Addi- 
tional material  on  physical  containment  for 
plant  host-vector  systems  Is  found  on  page 
UI-34. 

1.  Pi  level.— a.  Laboratory  practices.  (1) 
Laboratory  doors  shall  be  kept  dosed  while 
experiments  are  In  progress. 

(31  Work  surfaces  shall  be  decontami- 
nated dally,  and  Immediately  following  spills 
of  organisms  containing  recombinant  DNA 
molecules. 

(3)  All  biological  wastes  shall  be  decon- 
taminated before  disposal.  Other  contami- 
nated materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be 
decontaminated  before  washing,  reuse,  or 
disposal. 

(4)  Although  pipetting  by  mouth  ts  per- 
mitted. It  Is  recommended  that  mechanical 
pipetting  devices  be  used  When  pipetting  by 
mouth,  cotton-plugged  pipettes  shall  be  em- 
ployed 

(5)  Eating,  drinking,  smoking,  and  stor- 
age of  roods  are  not  permitted  In  the  work- 
ing area 

(fl)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 
DNA  molecules  and  when  they  leave  the 
laboratory 

(7)  Care  shall  be  taken  In  the  conduct  of 
all  procedures  to  minimize  the  creation  of 
aerosols. 

(8)  Contaminated  materials  that  are  to  be 
decontaminated  at  a site  away  from  the  lab- 
oratory shall  be  placed  In  a durable  leak- 
proof  container  which  Is  closed  before  re- 
moval from  the  laboratory. 

(9)  An  Insect  and  rodent  control  program 
shall  be  Instituted 

(10)  The  use  of  laboratory  gowns,  coats,  or 
uniforms  Is  discretionary  with  the  laboratory 
supervisor. 

(11)  U»e  of  the  hypodermic  needle  and  sy- 
ringe shall  be  avoided  when  alternative 
methods  are  available. 

b.  Containment  equipment.  Special  con- 
tainment equipment  Is  not  required  at  the 
PI  level. 

c.  Special  laboratory  design.  Special  labo- 
ratory design  la  not  required  at  the  PI  level. 

3.  P2  leveP — a.  Laboratory  practices.  (1) 
Laboratory  doors  shall  be  kept  closed  while 
experiments  are  In  progress. 

(3)  Work  surfaces  shall  be  decontaminated 
dally,  and  immediately  following  spills  of  or- 
ganisms containing  recombinant  DNA  mole- 
cules. 

(3)  All  biological  wastes  shall  be  decon- 
taminated before  disposal.  Other  contami- 
nated materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be  de- 
contaminated before  washing,  reuse,  or  dis- 
posal. 

•(4)  Mechanical  pipetting  devices  shall  be 
used;  pipetting  by  mouth  Is  prohibited. 

(5)  Eating,  drinking,  smoking,  and  storage 
of  food  are  not  permitted  In  the  laboratory 
area. 

(6)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 


‘Denotes  laboratory  practices,  contain- 
ment equipment,  or  special  laboratory  de 
sign  which  were  not  required  at  the  next 
lower  level  of  containment. 
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DNA  molecules  end  when  they  leave  the 
laboratory. 

•(7)  Care  shall  be  exercised  to  minimize 
the  creation  of  aerosols.  For  example,  manip- 
ulations such  as  Inserting  a hot  inoculating 
loop  or  needle  Into  a culture,  flaming  an 
Inoculation  loop  or  needle  so  that  It  splat- 
ters, and  forceful  ejection  of  fluids  from  pi- 
pettes or  syringes  shall  be  avoided. 

(8)  Contaminated  materials  that  are  to 
be  decontaminated  at  a site  away  from  the 
laboratory  shall  be  placed  In  a durable  leak- 
proof  container  which  Is  closed  before  re- 
moval from  the  laboratory. 

•(9)  Only  persons  who  have  been  advised 
of  the'  nature  of  the  research  being  con- 
ducted shall  enter  the  laboratory. 

•(10)  Children  under  12  years  of  age  shall 
not  enter  the  laboratory. 

*(11)  The  universal  biohazard  sign  shall 
be  posted  on  all  laboratory  access  doors  when 
experiments  requiring  P2  containment  are  In 
progress.  Freezers  and  refrigerators  used  to 
8 tore  organisms  containing  recombinant 
DNA  molecules  shall  also  be  posted  with  the 
universal  biohazard  sign. 

(12)  An  Insect  and  rodent  control  program 
shall  be  Instituted. 

*(13)  The  use  of  laboratory  gowns,  coats, 
or  uniforms  Is  required.  Laboratory  clothing 
shall  not  be  worn  to  the  lunch  room  or  out- 
side of  the  building  In  which  the  laboratory 
Is  located. 

•(14)  Animals  not  related  to  the  experi- 
ment shall  not  be  permitted  In  the  labora- 
tory. 

•(15)  Use  of  the  hypodermic  needle  and 
syringe  shall  be  avoided  when  alternative 
methods  are  available. 

*(16)  The  laboratory  shall  be  kept  neat, 
clean,  and  free  of  materials  not  pertinent  to 
the  research. 

•(17)  Experiments  of  lesser  biohazard 
potential  can  be  carried  out  concurrently  In 
carefully  demarcated  areas  of  the  same 
laboratory. 

b.  Containment  equipment.  ‘Biological 
safety  cabinets 1 shall  be  used  to  contain 
aerosol-producing  equipment  such  as 
blenders,  lyophlllzers,  sonlcators,  and  cen- 
trifuges when  used  to  process  organisms  con- 
taining recombinant  DNA  molecules,  except 
where  equipment  design  provides  for  con- 
tainment of  the  potential  aerosol.  For 
example,  a centrifuge  may  be  operated  In  the 
open  If  a sealed  head  or  safety  centrifuge 
cups  are  used. 

c.  Special  laboratory  design. *  *An  autoclave 
for  sterilization  of  wastes  and  contaminated 
materials  shall  be  available  In  the  same 
building  In  which  organisms  containing 
recombinant  DNA  molecules  are  used. 

3.  P3  level. — a.  Laboratory  practices.  (1) 
doors  shall  be  kept  closed  while  experiments 
are  In  progress. 

•(2)  Work  surfaces  shall  be  decontami- 
nated following  the  completion  of  the  experi- 
mental activity,  and  Immediately  following 
spills  of  organisms  containing  recombinant 
DNA  molecules. 

(3)  All  biological  wastes  shall  be  decon- 
taminated before  disposal.  Other  con- 
taminate materials  such  as  glassware,  animal 
cages,  and  laboratory  equipment  shall  be  de- 
contaminated before  washing,  reuse,  or 
disposal. 

(4)  Mechanical  pipetting  devices  shall  be 
used;  pipetting  by  mouth  Is  prohibited. 

(5)  Elating,  drinking,  smoking,  and  stor- 
age of  food  are  not  permitted  In  the  labora- 
tory area. 

(6)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 
DNA  molecules  and  when  they  leave  the 
laboratory. 

(7)  Care  shall  be  exercised  to  minimize  the 
creation  of  aerosols.  For  example,  manipula- 
tions such  as  Inserting  a hot  Inoculating 
loop  or  needle  Into  a culture,  flaming  an 


Inoculation  loop  or  needle  so  that  It  splat- 
ters, and  forceful  ejection  of  fluids  from 
pipettes  or  syringes  shall  be  avoided. 

(8)  Contaminated  materials  that  are  to 
be  decontaminated  at  a site  away  from  the 
laboratory  shall  be  placed  In  a durable  leak- 
proof  container  which  Is  closed  before  re- 
moval from  the  laboratory. 

•(9)  Entry  Into  the  laboratory  shall  be 
through  a controlled  access  area.  Only  per- 
sons who  have  been  advised  of  the  nature 
of  the  research  being  conducted  shall  enter 
the  controlled  access  area.  Only  persons  re- 
quired on  the  basis  of  program  or  support 
needs  shall  be  authorized  to  enter  the  labora- 
tory. Such  persons  shall  be  advised  of  the 
nature  of  the  research  being  conducted  be- 
fore entry,  and  shall  comply  with  all  required 
entry  and  exit  procedures. 

(10)  Children  under  12  years  of  age  shall 
not  enter  the  laboratory. 

•(11)  The  universal  biohazard  sign  shall 
be  posted  on  the  controlled  access  area  door 
and  on  all  laboratory  doors  when  experiments 
requiring  P3  level  containment  are  In  prog- 
ress. Freezers  and  refrigerators  used  to  store 
organisms  containing  recombinant  DNA 
molecules  shall  also  be  posted  with  the  uni- 
versal biohazard  sign. 

(12)  An  Insect  and  rodent  control  program 
shall  be  Instituted. 

•(13)  Laboratory  clothing  that  protects 
street  clothing  (l.e.,  long  sleeve  solid-front 
or  wrap-around  gowns,  no-button  or  slip- 
over Jackets,  etc.)  shall  be  worn  In  the  lab- 
oratory. Front-button  laboratory  coats  are 
unsuitable.  Laboratory  clothing  shall  not  be 
worn  outside  the  laboratory  and  shall  be  de- 
contaminated before  It  Is  sent  to  the  laundry. 

*(14)  Raincoats,  overcoats,  topcoats,  coats, 
hats,  caps,  and  such  street  out-wear  shall 
not  be  kept  In  the  laboratory. 

*(15)  Gloves  shall  be  worn  when  handling 
materials  requiring  P3  containment.  They 
shall  be  removed  aseptically  Immediately  fol- 
lowing the  handling  procedure  and  decon- 
taminated. 

•(16)  Animals  and  plants  not  related  to 
the  experiment  shall  not  be  permitted  In  the 
laboratory. 

* ( 17)  Vacuum  outlets  shall  be  protected  by 
filter  and  liquid  disinfectant  traps. 

(18)  Use  of  hypodermic  needle  and  syringe 
shall  be  avoided  when  alternative  methods 
are  available. 


•See  sec.  II,  D.  for  description  of  biological  containment. 

c.  Special  Laboratory  Design.  *(1)  The  lab- 
oratory shall  be  separated  from  areas  which 
are  open  to  unrestricted  traffic  flow  within 
the  building  by  a controlled  access  area.  A 
controlled  access  area  Is  an  anteroom,  a 
change  room,  an  air  lock  or  any  other  double 
door  arrangement  which  separates  the  lab- 
oratory from  areas  which  are  open  to  un- 
restricted traffic  flow. 

• (2)  The  surfaces  of  walls,  floors,  and 
ceilings  shall  be  readily  cleanable.  Penetra- 
tions through  these  surfaces  shall  be  sealed 
or  capable  of  being  sealed  to  facilitate  space 
decontamination. 


(19)  The  laboratory  shall  be  kept  neat, 
clean,  and  free  of  materials  not  pertinent  to 
the  research. 

•(20)  If  experiments  Involving  other  or- 
ganisms which  require  lower  levels  of  con- 
tainment are  to  be  conducted  In  the  same 
laboratory  concurently  with  experiments  re- 
quiring P3  level  physical  containment,  they 
shall  be  conducted  In  accordance  with  all 
P3  level  laboratory  practices. 

b.  Containment  Equipment.  • ( 1 ) Biologi- 
cal safety  cabinets * shall  be  used  for  all 
equipment  and  manipulations  that  produce 
aerosols  (e.g.,  pipetting,  dilutions,  transfer 
operations,  plating,  flaming,  grinding,  blend- 
ing, drying,  sonicating,  shaking,  centrifug- 
ing etc.)  where  these  procedures  Involve 
organisms  containing  recombinant  DNA 
molecules,  except  where  equipment  design 
provides  for  containment  of  the  potential 
aerosol. 

•(2)  Laboratory  animals  held  In  a P3  area 
shall  be  housed  In  partial  containment  cag- 
ing systems  such  as  Horsfall  units,  open  cages 
placed  In  ventilated  enclosures,  solid  wall 
and  bottom  cages  covered  by  filter  bonnets, 
or  solid  wall  and  bottom  cages  placed  on 
holding  racks  equipped  with  ultraviolet  ra- 
diation lamps  and  reflectors. 

Note:  Conventional  caging  systems  may 
be  used;  Provided,  That  all  personnel  wear 
appropriate  personal  protective  devices. 
These  shall  Include  at  a minimum,  wrap 
around  gowns,  head  covers,  gloves,  shoe  cov- 
ers, and  respirators.  All  personnel  shall 
shower  on  exit  from  areas  where  these  per- 
sonal protective  devices  are  required.) 

•(3)  Alternative  selection  of  containment 
equipment.  Experimental  procedures  Involv- 
ing a host-vector  system  which  provides  a 
one-step  higher  level  of  biological  contain- 
ment than  that  specified  In  Section  IH  can 
be  conducted  In  the  P3  laboratory  using 
containment  equipment  requirements  speci- 
fied for  the  P2  level  of  physical  containment. 
Experimental  procedures  Involving  a host- 
vector  system  which  provides  a one-step 
lower  level  of  biological  containment  than 
that  specified  In  Section  m can  be  conducted 
In  the  P3  laboratory  using  containment 
equipment  requirements  specified  for  the  P4 
level  of  physical  containment.  Alternative 
combinations  of  containment  safeguards  are 
shown  In  Table  I on  the  following  page. 


•(3)  A foot,  elbow,  or  automatically  oper- 
ated hand  washing  facility  shall  be  pro-* 
vlded  near  each  primary  laboratory  exit  area. 

•(4)  Windows  In  the  laboratory  shall  be 
sealed. 

* (5)  Laboratory  doors  shall  be  self-closing. 

(6)  An  autoclave  for  sterilization  of  wastes 
and  contaminated  materials  shall  be  avail- 
able in  the  same  building  In  which  orga- 
nisms containing  recombinant  DNA  colecules 
are  used. 

•(7)  An  exhaust  air  ventilation  system 
shall  be  provided.  This  system  shall  be  bal- 
anced so  that  the  direction  of  air  flow  Is 


Table  I. — Combinations  of  containment  safeguards 


Classification  of  experiment  according  Combinations  of  physical  and  biological  containment 

to  guidelines 


Physical 

containment 

Biological* 

containment 

Laboratory 

design 

specified  for — 

Laboratory 
practices 
specified  for — 

Containment 
equipment 
specified  for— 

Biological 

containment 

P3 

HV3 

P3 

P3 

P3 

HV3 

P3 

HV3 

P3 

P3 

P4 

HV2 

P3 

HV2 

P3 

P3 

P3 

HV2 

P3 

HV2 

P3 

P3 

P2 

HV3 

P3 

HV2 

P3 

P3 

P4 

HV1 

P3 

HV1 

P3 

P3 

P3 

HV1 

P3 

HV1 

P3 

P3 

P2 

HV2 
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from  the  controlled  access  area  Into  the 
laboratory  environment.  The  exhaust  air 
•hall  not  be  recirculated  to  any  other  areas 
of  the  building.  Recirculation  of  air  within 
the  laboratory  room,  however,  may  be  pro- 
vided. The  exhaust  air  from  the  laboratory 
shall  be  discharged  to  the  outdoors  so  that 
It  la  dispersed  clear  of  occupied  buildings 
and  air  intakes.  The  exhaust  air  from  the 
laboratory  can  be  discharged  to  the  outdoors 
without  filtration  or  other  treatment. 

•(8)  The  treated  exhaust  air  from  Class  I 
and  Class  n biological  safety  cabinets ' may 
be  discharged  either  directly  to  the  labora- 
tory or  to  the  outdoors  The  treated  exhaust 
air  from  a Class  ni  cabinet  shall  be  dis- 
charged directly  to  the  outdoors.  If  the 
treated  exhaust  air  from  these  cabinets  Is  to 
be  discharged  to  the  outdoors  through  a 
building  exhaust  air  system.  It  shall  be  con- 
nected to  this  system  as  to  avoid  any 
interference  with  the  air  balance  of  the  cabi- 
net or  building  exhaust  air  system. 

4.  P4  Level — a.  Laboratory  Practices  (1) 
Laboratory  doors  shall  be  kept  closed  while 
experiments  are  in  progress. 

(3)  Work  surfaces  shall  be  decontaminated 
following  the  completion  of  the  experimental 
activity  and  Immediately  following  spills  of 
organisms  containing  recombinant  DNA 
molecules. 

(8)  All  biological  wastes  shall  be  decon- 
taminated before  disposal.  Other  contami- 
nated materials  such  as  glassware,  animal 
cagea  and  laboratory  equipment  shall  be 
decontaminated  before  washing,  reuse,  or 
dlipocii. 

(4)  Mechnlcal  pipetting  devices  shall  be 
used:  pipetting  by  mouth  Is  prohibited. 

• (8)  Eating,  drinking,  smoking,  and  stor- 
age of  food  are  not  permitted  In  the  P4 
facility. 

(8)  Persons  shall  wash  their  hands  after 
handling  organisms  containing  recombinant 
DNA  molecules  and  when  they  leave  the 
laboratory. 

(7)  Care  shall  be  exercised  to  minimise  the 
creation  of  aerosols,  hr  example,  manipula- 
tions such  ss  Inserting  a hot  Inoculating 
loop  or  needle  Into  a culture,  flaming  an 
Inoculation  loop  or  needle  so  that  It  splatters, 
and  forceful  ejection  of  fluids  from  pipettes 
or  syringes  shall  be  avoided. 

*<8)  Biological  materials  to  be  removed 
from  the  P4  facility  In  a viable  or  Intact 
state,  shall  bo  transferred  to  a nonbreak  able 
sealed  contained  which  la  then  removed  from 
the  P4  facility  through  a pass-through  dis- 
infectant dunk  tank  or  fumigation  chamber. 

*(8)  No  materials,  except  for  biological 
materials  that  are  to  remain  In  a viable  or 
Intact  state,  shall  be  removed  from  the  P4 
faellitv  unless  they  have  been  sterilised  or 
decontaminated  as  they  pass  out  of  the  P4 
facility.  All  wastes  and  other  materials  as 
well  as  equipment  not  damaged  by  high 
temperature  or  steam  shall  be  sterlltred  In 
the  double-door  autoclave  of  the  P4  facility. 
Other  materials  which  may  be  damaged  by 
temperature  or  steam  shall  be  removed  from 
the  P4  facility  though  a pass-through  fumi- 
gation chamber. 

•(10)  Materials  within  the  Oats  III 
cabinets  shall  be  removed  from  the  cabinet 
system  only  after  being  sterilized  In  an  at- 
tached double-door  autoclave  or  after  being 
contained  In  a non-breakable  seaaled  con- 
tainer which  la  then  passed  through  a disin- 
fectant dunk  tank  or  a fumigation  chamber. 

• (11)  Only  persona  whose  entry  Into  the 
P4  facility  la  required  on  the  basis  of  program 
or  support  needs  shall  be  authorized  to  en- 
ter Such  persona  shall  be  advised  of  the  na- 
ture of  the  research  being  conducted  and  In- 
structed aa  to  the  appropriate  safeguarda  to 
ensure  their  safety  before  entry.  Such  per- 
sons shall  comply  with  Instructions  and  all 
other  required  procedures. 


•(12)  Persons  under  18  years  of  age  shall 
not  enter  the  P4  facility. 

•(13)  Personnel  shall  enter  Into  and  exit 
from  the  P4  facility  only  through  the  cloth- 
ing change  and  shower  rooms.  Personnel 
shall  shower  at  each  exit  from  the  P4  fa- 
cility. Air  locks  shall  not  be  used  for  per- 
sonnel entry  or  exit  except  for  emergenclea 

•(14)  8treet  clothing  shall  be  removed  In 
the  outer  side  of  the  P4  facility  clothing 
change  area  and  kept  there.  Complete  labora- 
tory clothing  Including  undergarments, 
pants  and  shirts  or  Jumpsuits,  shoes,  head 
cover,  and  gloves  shall  be  provided  and  used 
by  all  persons  who  enter  Into  the  P4  facility. 
Upon  exit,  this  clothing  shall  be  stored  In 
lockers  provided  for  this  purpose  or  discarded 
Into  collection  hampers  before  personnel 
enter  Into  the  shower  area. 

•(18)  The  universal  biohazard  sign  Is  re- 
quired on  the  P4  facility  access  doors  and  all 
m tenor  doors  to  Individual  laboratory  rooms 
where  experiments  are  conducted. 

(18)  An  insect  and  rodent  control  program 
shall  be  instituted. 

(17)  Animals  and  plants  not  related  to  the 
experiment  shall  not  be  permitted  In  the 
laboratory  In  which  the  experiment  Is  being 
conducted. 

(18)  Use  of  the  hypodermic  needle  and 
syringe  shall  be  avoided  when  alternate 
methods  are  available. 

(10)  The  laboratory  shall  be  kept  neat, 
dean,  and  free  of  materials  not  pertinent  to 
the  research. 

*(20)  If  experiments  Involving  other  or- 
ganisms which  require  lower  levels  of  con- 
tainment are  to  be  conducted  In  the  P4  fa- 
cility concurrently  with  experiments  requlr- 


•flse  aw.  II,  D.  tor  description  of  biological  containment. 

c.  Special  laboratory  design.  *(1)  The  lab- 
oratory shall  be  located  In  a restricted  sc- 
enes facility  which  Is  either  a separate  build- 
ing or  a clearly  demarcated  and  Isolated  sons 
erlthln  a building.  Clothing  change  areas  and 
shower  rooms  shall  be  provided  for  personnel 
entry  and  egress  These  rooms  shall  be  ar- 
ranged so  that  personnel  egress  Is  through 
the  shower  area  to  the  change  room.  A dou- 
ble door  ventilated  vestibule  or  ultraviolet 
air  lock  shall  be  provided  for  passage  of  ma- 
terials. supplies,  and  equipment  which  are 
not  brought  Into  the  P4  facility  through  the 
change  room  area. 

• (3)  Walls,  floors,  and  ceilings  of  the  P4 
facility  are  constructed  to  form  an  Internal 
•hell,  which  readily  allows  vapor  phase  de- 
contamination and  la  animal-  and  Insect- 
proof.  All  penetrations  through  these  struc- 
tures and  surfaces  are  sealed.  (The  Integrity 
of  the  walls,  floors,  ceilings,  and  penetration 
seals  should  ensure  adequate  containment  of 
a vapor  phase  decontaminant  under  static 
pressure  conditions;  this  requirement  does 
not  Imply  that  these  surfaces  must  be  air- 
tight ) 

• (3)  A foot,  elbow,  or  automatically  op- 
erated hand  washing  facility  ah  all  be  pro- 
vided near  the  door  within  each  laboratory 
In  which  experiments  Involving  recombinant 
DNA  are  conducted  In  open -face  biological 
safety  cabinets. 

•(4)  Where  a central  vacuum  system 
Is  provided.  It  shall  not  serve  areas  out- 


ing P4  level  containment,  they  shall  be  con- 
ducted In  accordance  with  all  P4  level  labo- 
ratory practices  specified  In  this  section. 

b.  Containment  equipment.  »(1)  Experi- 
mental procedures  Involving  organisms  which 
require  P4  level  physical  containment  shall 
be  conducted  either  In  (a)  a Class  III  cab- 
inet system  or  In  (b)  Class  I or  Class  n 
cabinets  that  are  located  in  a specially  de- 
signed area  In  which  all  personnel  are  re- 
quired to  wear  one-piece  positive  pressure 
Isolation  suits. 

• (2)  Laboratory  animals  Involved  In  ex- 
periments requiring  P4  level  physical  con- 
tainment shall  be  housed  either  In  cages  con- 
tained In  Class  in  cabinets  or  In  partial 
containment  caging  systems  (such  as  Hors- 
fall units,  open  cages  placed  In  ventilated 
enclosures,  or  solid  wall  and  bottom  cages 
covered  by  Alter  bonnets,  or  solid  wall  and 
bottom  cages  placed  on  holding  racks 
equipped  with  ultraviolet  Irradiation  lamps 
and  reflectors)  that  are  located  In  a specially 
designed  area  in  which  all  personnel  are  re- 
quired to  wear  one-piece  positive  pressure 
suits. 

•(3)  Alternative  re  lection  of  containment 
equipment.  Experimental  procedures  Involv- 
ing a host-vector  system  which  provides  a 
one-step  higher  level  of  biological  contain- 
ment than  that  specified  In  Section  III  can 
be  conducted  In  the  P4  facility  using  con- 
tainment equipment  requirements  specified 
for  the  P3  level  of  physical  containment.  Al- 
ternative combinations  of  containment  safe- 
guards are  shown  In  Table  n on  following 
page. 


aide  of  the  P4  facility.  The  vacuum  sys- 
tem shall  Include  ln-llne  HEP  A filters  as  near 
as  practicable  to  each  use  point  or  service 
cock.  The  filters  shall  be  Installed  so  as  to 
permit  In -place  decontamination  and  re- 
placement. Water  supply  and  liquid  and  gas- 
eous services  provided  to  the  P4  facility  shall 
be  protected  by  devices  that  prevent  back 
flow 

•(8)  Food-operated  water  fountains  are 
permitted  In  the  corridors  of  the  P4  facility.  ■ 
The  water  service  provided  to  the  fountain 
•hall  be  independent  of  the  water  services  to 
the  laboratory  areas  of  the  P4  facility. 

(6)  Laboratory  doors  shall  be  self-closing. 

• (7)  A double  door  autoclave  shall  be  pro- 
vided for  sterilization  of  material  passing  out 
of  the  P4  facility.  The  autoclave  doors  shall 
be  Interlocked  so  that  both  doors  will  not 
be  open  at  the  same  time. 

•(8)  A pass-through  dunk  tank  or  fumi- 
gation chamber  shall  be  provided  for  removal 
of  material  and  equipment  that  cannot  be 
heat  sterilized  from  the  P4  facility. 

• (0)  All  liquid  affluents  from  the  P4  fa- 
cility shall  be  collected  and  decontaminated 
before  disposal.  Liquid  effluents  from  bio- 
logical safety  cabinets  and  laboratory  sinks 
shall  be  sterilized  by  heat.  Liquid  effluents 
from  the  shower  and  hand  washing  facilities 
may  be  Inactivated  by  chemical  treatment. 
HEPA  Alters  shall  be  Installed  In  all  effluent 
drain  vent  lines. 


Table  II. — Combination!  of  containment  tafe/juardt 


Chat  Station  of  expert 
to  guidelli 

m«nl  arcortlinf 

Combinations  of  physical  and  biological  containment 

Physical 

Biological* 

Laboratory 

Laboratory 

Containment 

Biological 

containment 

containment 

dettlfn 

*p*rlfWd  for — 

practices 
rpectllrd  lor— 

equipment 
specified  lor— 

containment 

p* 

nvi 

Pi 

Pi 

Pi 

HVl 

Pi 

HVl 

Pi 

Pi 

PI 

HV2 
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•(10)  An  Individual  supply  and  exhaust 
air  ventilation  system  shall  be  provided  for 
the  Pi  facility.  The  system  shall  maintain 
pressure  differentials  and  directional  air  flow 
as  required  to  assure  Inflow  from  areas  out- 
side of  the  P4  facility  toward  areas  of  high- 
est potential  risk  within  the  Pi  facility.  The 
system  shall  be  designed  to  prevent  the  re- 
versal of  air  flow.  The  system  shall  sound  an 
alarm  In  the  event  of  system  malfunction. 

•(11)  Recirculation  of  air  within  Individ- 
ual laboratories  of  the  Pi  facility  Is  permis- 
sible provided  that  this  air  Is  filtered  by  a 
HE  PA  filter. 

•(12)  The  exhaust  air  from  the  facility 
6hall  be  filtered  by  HEPA  filters  and  dis- 
charged to  the  outdoors  so  that  It  Is  dis- 
persed clear  of  occupied  buildings  and  air 
Intakes.  The  filter  chambers  shall  be  de- 
signed to  allow  In  situ  decontamination  be- 
fore removal  and  to  facilitate  certification 
testing  after  replacement. 

(13  ■ The  treated  exhaust  air  from  Class  I 
and  Class  II  biological  safety  cabinets : may 
be  discharged  directly  to  the  laboratory  room 
environment  or  to  the  outdoors.  The  treated 
exhaust  air  from  Class  HI  cabinets  shall  be 
discharged  to  the  outdoors.  If  the  treated  ex- 
haust air  from  these  cabinets  Is  to  be  dis- 
charged to  the  outdoors  through  the  Pi  fa- 
cility exhaust  air  system,  It  shall  be  con- 
nected to  this  system  so  as  to  avoid  any  In- 
terference with  the  air  balance  of  the  cabi- 
nets or  the  facility  exhaust  air  system. 

• (14)  A specially  designed  suit  area  may 
be  provided  In  the  facility.  Personnel  who 
enter  this  area  shall  wear  a one-piece  posi- 
tive pressure  suit  that  Is  ventilated  by  a life 
support  system.  The  life  support  system  shall 
be  provided  with  alarms  and  emergency  back- 
up tank  air.  Entry  to  this  area  Is  through 
an  air-lock  fitted  with  airtight  doors.  A 
chemical  shower  area  shall  be  provided  to 
decontaminate  the  surfaces  of  the  suit  before 
removal.  The  exhaust  air  from  the  suit  area 
shall  be  filtered  by  two  sets  of  HEPA  filters 
Installed  in  series.  A duplicate  filtration 
unit  and  exhaust  fan  shall  be  provided.  An 
emergency  power  source  shall  be  provided. 
The  air  pressure  within  the  suit  area  shall  be 
less  than  that  In  any  adjacent  area.  Emer- 
gency lighting  and  communication  systems 
shall  be  provided. 

The  Internal  shell  of  the  suit  area  shall  be 
airtight.  A double  door  autoclave  shall  be 
provided  for  sterilization  of  all  waste  mate- 
rials to  be  removed  from  the  suit  area. 

C.  Shipment.  Novel  recombinant  DNA  when 
contained  In  an  organism  or  virus  shall  be 
shipped  In  compliance  with  the  requirements 
Issued  by  the  U.S.  Public  Health  Service 
fl  72.25  of  Part  72,  Title  42.  Code  of  Federal 
Regulations!.  Department  of  Transportation 
(5  173.387 fb)  of  Part  173,  Title  49,  Code  of 
Federal  Regulations) . and  the  Civil  Aero- 
nautics Board  (C_A3.  No.  82.  Official  Air 
Transport  Restricted  Articles  Tariff  No.  6-D) 
for  shipment  of  etlologlc  agents  (Appendix 
A). 

The  packaging  and  shipment  of  organisms 
and  viruses  containing  recombinant  DNA 
molecules  shall  be  In  compliance  with  all 
requirements  specified  In  subparagraphs  (1)- 
(5)  of  paragraph  (c),  “Transportation:  etlo- 
loglc agents  subject  to  additional  require- 
ments". of  5 72.25  of  Part  72.  Title  42.  Code 
of  Federal  Regulations.  Subparagraph  16) 
of  paragraph  (c)  of  5 72.25  of  Part  72,  Title 
42,  Code  of  Federal  Regulations  shall  apply 
to  the  shipment  of  all  viable  host  and  vector 
organisms  which  require  P4  physical  con- 
tainment. 

Additional  Information  on  packaging  and 
shipment  Is  given  in  ADpendlx  A. 

D.  Biological  containment — 1.  Levels  of 
biolooical  containment.  In  considering  bio- 
logical containment,  the  vector  fplasmld  or 
virus)  for  the  recombinant  DNA  and  the 


host  (bacterial,  plant  or  animal  cell)  In 
which  the  vector  Is  propagated  In  the  labo- 
ratory will  be  considered  together.  Any  vector 
and  host  which  are  to  provide  biological  con- 
tainment must  be  constructed  so  that  the 
following  types  of  “escape"  are  minimized: 

Survival  of  the  vector  In  Its  host  outside 
of  the  laboratory.  Transmission  of  the  vector 
from  the  propagation  host  to  other  non- 
laboratory hosts. 

The  following  levels  of  biological  contain- 
ment (Host-Vector  Systems)  for  prokaryotes 
will  be  established;  specific  criteria  will  de- 
pend on  the  organism  to  be  used.  Eukaryotic 
host-vector  systems  are  considered  In  Sec- 
tion m. 

a.  HV1.  A host-vector  system  which  pro- 
vides a moderate  level  of  containment.  The 
host  should  have  a low  potential  for  survival 
In  Its  natural  environment,  and  the  vector 
should  have  a low  potential  for  transmission 
of  its  recombinant  DNA. 

Specific  systems — (1)  EK1.  The  host  Is 
always  E.  coli  K-12  or  a derivative  thereof, 
and  the  vectors  Include  nonconjugatlve 
plasmld3  (e.g.,  pSClOl,  ColEl,  or  derivatives 
thereof  (15-21))  and  variants  of  bacterio- 
phage, such  as  X (22-27).  The  E.  coli  K-12 
hosts  should  not  contain  conjugation-pro- 
ficient plasmids,  whether  autonomous  or 
Integrated,  or  generalized  transducing 
phages. 

(2)  Other  prokaryotes.  Hosts  and  vectors 
should  be,  at  a ‘minimum,  comparable  In 
containment  to  E.  coli  K-12  with  a non- 
conjugatlve plasmid  or  bacteriophage  vector. 
The  data  to  be  considered  and  a mechanism 
for  approval  of  such  HV1  systems  are  de- 
scribed below  (Section  II,  D.  2 ). 

b.  HV2.  These  are  host-vector  systems 
shown  to  provide  a high  level  of  biological 
containment  as  demonstrated  by  data  from 
suitable  tests  performed  in  the  laboratory. 
Escape  of  the  recombinant  DNA  either  via 
survival  of  the  organisms  or  via  transmission 
of  recombinant  DNA  to  other  organisms 
should  be  less  than  1/10*  under  specified 
conditions. 

Speciflic  systems — (1)  For  EK2  host-vector 
systems  In  which  the  vector  Is  a plasmid,  no 
more  than  one  In  10*  host  cells  should  be 
able  to  perpetuate  a cloned  DNA  fragment 
under  the  specified  non-permlsslve  labora- 
tory conditions  designed  to  represent  the 
natural  environment,  either  by  survival  of 
the  original  host  as  a consequence  of  trans- 
mission of  the  cloned  DNA  fragment. 

(2)  For  FK2  host- vector  systems  In  which 
the  vector  Is  a phage,  no  more  than  one  In 
10*  phage  particles  should  be  able  to  per- 
petuate a cloned  DNA  fragment  under  the 
specified  non-permlsslve  laboratory  condi- 
tions designed  to  represent  the  natural 
environment  either  (a)  as  a prophage  or 
plasmid  In  the  laboratory  host  used  for  phage 
propagation  or  (b)  by  surviving  In  natural 
environments  and  transferring  a cloned  DNA 
fragment  to  other  hosts  (or  their  resident 
prophages) . 

c.  HV3.  These  are  host-vector  systems  In 
which: 

(1)  All  HV2  criteria  are  met. 

(2)  The  vector  Is  dependent  on  Its  propa- 
gation host  or  Is  highly  defective  In  mo- 
billzablllty.  Reversion  to  host-independence 
must  be  less  than  1/10*  per  vector  genome 
per  generation. 

(3)  No  markers  conferring  resistance  to 
antibiotics  commonly  used  clinically  or  In 
agriculture  are  carried  by  the  vector,  unless 
expression  of  such  markers  is  dependent  on 
the  propagating  host  or  unique  laboratory 
controlled  conditions  or  Is  blocked  by  the 
Inserted  DNA. 

(4)  The  specified  containment  shown  by 
laboratory  tests  has  been  Independently  con- 
firmed by  specified  tests  In  animals,  Includ- 


ing primates,  and  In  other  relevant  environ- 
ments. 

(5)  The  relevant  genotypic  and  pheno- 
typic traits  of  such  HV3  systems  have  been 
Independently  confirmed. 

This  general  description  can  be  applied 
directly  to  the  specific  case  of  an  EK3  system. 

2.  Certification  of  Host-Vector  Systems — 
a.  Responsibility.  Recommendation  to  the 
Director  of  NTH  for  certification  of  HV1  sys- 
tems other  than  E.  coli  K-12,  and  HV2  and 
HV3  host-vector  systems,  is  the  responsibil- 
ity of  the  NIH  Recombinant  DNA  Molecule 
Program  Advisory  Committee.  Data  on  con- 
struction, properties,  and  testing  of  pro- 
posed host-vector  systems  will  be  analyzed 
and  reviewed  by  a subcommittee  composed 
of  one  or  more  members  of  the  NIH  Recom- 
binant DNA  Molecule  Program  Advisory 
Committee  and  other  individuals  chosen  be- 
cause of  their  expertise  In  evaluating  such 
data.  Such  subcommittees  shall  provide  a 
written  report  to  the  NIH  Recombinant  DNA 
Molecule  Program  Advisory  Committee.  The 
Committee  will  evaluate  this  report  and 
any  other  available  Information  at  a regu- 
lar meeting. 

The  NIH  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee  can  recommend 
that  a certification  be  rescinded  at  any  time, 
should  new  data  or  new  considerations  In- 
validate the  previous  decision.  In  such  cases. 
Investigators  may  be  asked  to  transfer  their 
cloned  DNA  Into  a different  approved  system. 

Certification  of  a given  system  does  not 
extend  to  modifications  of  either  the  host 
or  vector  component  of  that  system.  Such 
modified  systems  must  be  Independently  ap- 
proved. If  modifications  are  minor.  It  may 
only  be  necessary  for  the  Investigator  to  sub- 
mit data  showing  that  the  modifications  have 
either  Improved  or  not  Impaired  the  major 
phenotypic  traits  on  which  the  containment 
of  the  system  depends.  More  substantial 
modifications  of  a certified  system  may 
necessitate  submission  of  complete  testing 
data. 

b.  Data  to  be  submitted  for  certification — 

(1)  HV1  systems  other  than  E.  Coli  K-12. 
The  following  types  of  data  should  be  sub- 
mitted, modified  as  appropriate  for  the  par- 
ticular system  under  consideration: 

(1)  A description  of  the  organism  and  vec- 
tor, the  strain’s  natural  habitat  and  growth 
requirements;  the  range  of  organisms  with 
which  this  organism  normally  exchanges 
genetic  Information  and  what  sort  of  ln- 
fornqation  Is  exchanged;  any  relevant  In- 
formation on  Its  pathogenicity  or  toxicity. 

(II)  A description  of  the  history  of  the 
particular  strains  and  vectors  to  be  used;  In- 
formation on  any  mutations  which  render 
this  organism  less  able  to  survive  or  trans- 
mit genetic  Information. 

(III)  A general  description  of  the  range  of 
experiments  contemplated,  with  emphasis  on 
the  need  for  developing  such  an  HV1  system. 

(2)  HV2  systems.  Investigators  planning  to 
request  HV2  certification  for  host-vector  sys- 
tems can  obtain  Instructions  from  the  NIH 
Office  of  Recombinant  DNA  Activities  con- 
cerning data  to  be  submitted.  In  general,  the 
following  types  of  data  are  required: 

(I)  Description  of  construction  steps,  with 
Indication  of  source,  properties,  and  manner 
of  Introduction  of  genetic  traits. 

(II)  Quantitative  data  on  the  stability  of 
genetic  traits  that  contribute  to  the  contain- 
ment of  the  system. 

(III)  Data  on  the  survival  of  the  host- 
vector  system  under  non-permlsslve  In  vitro 
conditions  designed  to  represent  the  natural 
environment. 

(lv)  Data  on  transmlsslblllty  of  the  vector 
and/or  a cloned  DNA  fragment  under  both 
permissive  and  non-permlsslve  conditions. 
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(T)  Data  on  all  other  properties  of  the  sys- 
tem which  affect  containment  and  utility, 
including  Information  on  yields  ol  phage  or 
plasmid  molecules,  ease  of  DNA  isolation, 
and  ease  of  transfection  or  transformation 

(▼i)  In  some  cases,  the  Investigator  may 
be  asked  to  submit  data  on  survival  and  vec- 
tor tranamiaelMUty  from  experiments  in 
which  the  host- vector  is  fed  to  laboratory 
animals  (eg.  rodents).  Such  In  vivo  data 
may  be  required  to  confirm  the  validity  of 
predicting  in  vivo  survival  on  the  basis  of 
In  vitro  experiments. 

Data  must  be  submitted  In  writing  to  the 
NTH  Office  of  Recombinant  DNA  Activities 
Ten  to  twelve  weeks  are  normally  required 
dor  review  and  circulation  of  the  data  prior 
to  the  meeting  at  which  such  data  can  be 
considered  by  the  Recombinant  DNA  Mole- 
cule Program  Advisory  Committee  Investi- 
gators are  encouraged  to  publish  their  data 
on  the  construction,  properties,  and  testing 
of  proposed  HV3  systems  prior  to  considera- 
tion of  the  system  by  the  NIH  Recombinant 
DNA  Moleculy  Program  Advisory  Committee 
and  Its  subcommittee 

(•)  HVJ  ryttrsu  Putative  HVJ  systems 
will,  as  the  first  step  In  certification,  be  cer- 
tified as  HV2  systems  Systems  which  meet 
criteria  (1),  (1).  and  (S)  for  HV3  (See  page 
11-34)  will  then  be  recommended  for  HV3 
testing  Tests  to  evaluate  various  HV2  host- 
vector  systems  for  HVJ  certification  will  be 
performed  by  contractors  selected  by  NIH 
These  contractors  will  repeat  tests  performed 
by  Individuals  proposing  the  HV2  system  and. 
in  addition  will  conduct  more  extensive  tests 
on  conditions  likely  to  be  encountered  in 
nature  The  genotypic  end  phenotypic  traits 
of  HVJ  systems  will  be  evaluated,  testa  on 
survival  and  tranemlaslblHty  In  and  on  ani- 
mals. Including  primates,  will  be  performed, 
ee  well  es  tests  on  survival  In  eartaln  speci- 
fied natural  environments 

3.  Distribution  of  certiAed  Host-rectors 
Certified  HVJ  and  HVJ  host-vector  systems 
(plus  appropriate  control  strains)  must  be 
obtained  from  the  NTH  or  Its  designees,  one 
of  whom  wQl  be  the  tnveetlgator  who  devel- 
oped the  system.  NTH  shall  announce  the 
availability  of  the  system  by  publication  of 
notices  in  appropriate  Journals 

Plasmid  vectors  will  be  provided  In  e suit- 
able bast  strain,  and  phage  vectors  will 
be  distributed  ee  small-volume  lyvetee 

If  NTH  propagate*  any  of  the  host  strains 
or  phage,  a sample  will  be  cent  to  the  In- 
vestigator who  developed  the  system  or  to  an 
appropriate  contractor,  prior  to  distribution, 
for  verification  that  the  material  la  free  from 
contamination  and  unchanged  in  pheno- 
typic properties. 

In  distributing  the  certified  HVJ  and  HV3 
host-vector  systems.  NIH  or  Its  designee  will 
(1)  send  out  a complete  description  of  the 
system;  (11)  enumerate  and  describe  the 
testa  to  be  performed  by  the  user  In  order 
to  verify  Important  phenotypic  traits:  (ill) 
remind  the  user  that  any  modification  of  the 
system  necessitates  independent  approval  of 
the  system  by  the  NTH  on  recommendation 
of  the  Recombinant  DNA  Molecule  Program 
Advisory  Committee:  and  (Iv)  remind  the 
user  of  responsibility  for  notifying  the  NTH 
Office  of  Recombinant  DNA  Activities  of 
any  discrepancies  with  the  reported  proper- 
ties or  any  problems  in  the  safe  use  of  the 
system. 

HI.  bmnovTU.  Ovmemvxs 

A a a general  rule,  the  level  of  containment 
required  for  experiments  with  novel  recom- 
binant DNA  shall  not  be  lees  than  that 
required  for  handling  the  most  hazardous 
component,  t.e..  vector  host,  or  Inserted  DNA. 
Handling  the  purified  DNA  will  require  only 
minimal  precautions. 

The  above  rule  by  Itself  effectively  pre- 
cludes certain  experiments — namely,  those  In 


which  one  of  the  components  is  In  Class  o 
of  the  "Classification  of  Etlologlc  Agents 
on  the  Basis  of  Hazard  " (See  Appendix  B). 
as  these  are  excluded  from  the  United  States 
by  law  and  U6DA  administrative  policy 
There  are  additional  experiments  which  are 
not  to  be  performed  at  this  time.  These  are 
considered  prior  to  presentation  of  the  con- 
tainment guidelines  for  permissible  experi- 
ments. 

A.  Experiments  that  are  not  to  be  per- 
formed We  recognize  that  certain  of  the 
recombinants  placed  In  this  category  might 
pose  nc  biohazard  and  oould  be  adequately 
contained  at  this  time  Nonetheless.  It  Is 
prudent  to  defer  experiments  on  these  recom- 
binant DNAs  until  there  la  more  informa- 
tion to  assess  accurately  the  danger  or  lack 
thereof,  and  to  allow  the  construction  of 
more  effective  biological  barriers  In  this  re- 
spect. these  Guidelines  probably  are  more 
stringent  than  those  that  ultimately  will  be 
necessary. 

The  following  experiments  are  not  to  be 
Initiated  at  the  present  time:  (1)  Cloning  of 
recombinant  DNAs  derived  from  the  patho- 
genic organisms  in  Classes  3.  4.  and  5 of  the 
"Classification  of  Etlologlc  Agents  on  the 
Baals  of  Hazard"  (See  Appendix  B).  or  onco- 
genic viruses  classified  by  NCI  as  moderate 
risk  (See  Appendix  B).  or  cells  known  to  be 
Infected  with  such  agents,  regardless  of  the 
host -rector  system  used  (U)  Deliberate  for- 
mation of  recombinant  DNAs  containing 
genes  for  the  biosynthesis  of  potent  toxins 
(eg.  botullnum  or  diphtheria  toxins, 
venoms  from  Insects,  snakes,  etc  ).  (Ill)  De- 
liberate creation  by  the  use  of  recombinant 
DNA  of  a plant  pathogen  with  Increased 
virulence  and  host  range  beyond  that  which 
occurs  by  natural  genetic  enebange  (tv)  De- 
liberate release  Into  the  environment  of  any 
organism  containing  novel  recombinant 
DNA.  (v)  Transfer  of  e drug  resistance  trait 
to  mlcroorg  an  isms  that  are  not  known  to  ac- 
quire It  naturally  If  such  acquisition  could 
compromise  the  use  of  a drug  to  control 
disease  agents  In  human  or  veterinary  medi- 
cine or  agriculture  < vl)  Large-scale  experi- 
ments (eg.  more  than  10  liters  of  culture) 
with  organisms  containing  novel  recombi- 
nant DNAs  unless  the  recombinant  DNAs 
are  rigorously  characterised  and  are  shown 
to  be  free  of  harmful  genes  j We  differentiate 
between  small-  and  large-scale  experiments 
with  organisms  containing  recombinant 
DNAs  because  the  probability  of  escape  from 
containment  barriers  normally  Increases  with 
Increasing  scale. 

Specific  experiments  In  these  categories 
may  be  excepted  from  these  rules:  Provided. 
That  these  experiments  are  expressly  ap- 
proved by  the  Director.  NIH.  on  recommen- 
dation of  the  Recombinant  DNA  Molecule 
Program  Advisory  Committee.  In  making 
such  exceptions,  weight  will  be  given  both  to 
scientific  and  societal  benefits  and  to  poten- 
tial risks 

B Containment  Gutdeiinej  Tor  Permis- 
sible Experiments — 1 Classification  Of  Ex- 
periments Using  The  E.  co U K-12  Host-Vec- 
tor Systems  — Most  recombinant  DNA  ex- 
periments currently  being  done  employ  E. 
colt  K-12  host-vector  systems  These  are  also 
the  systems  for  which  we  have  the  most  ex- 
perience and  knowledge  (1)  regarding  the 
effectiveness  at  biological  containment  pro- 
vided by  existing  basis  and  vectors,  and  (II) 
necessary  for  the  construction  of  more  effec- 
tive biological  barriers 

We  therefore  consider  DNA  recombinants 
In  E.  coll  K-12  before  proceeding  to  other 
host-vector  systems 

It  has  been  necessary,  throughout  this  sec- 
tion. to  use  words  end  phrases  such  as  "•puri- 
fied" or  "rigorously  characterised  " In  the 
teat  such  terms  are  marked  with  footnote 
reference  numbers  These  footnotes  (Section 
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V)  define  more  fully  what  Is  Intended  by  the 
use  of  these  terms. 

In  the  following  classification  of  contain- 
ment criteria  for  different  kinds  of  novel 
recombinant  DNAs.  the  stated  levels  of  phys- 
ical and  biological  containment  are  mini- 
mum levels  The  use  of  higher  levels  of  bio- 
logical containment  i EK3'--EK2'  EK1 ) Is  en- 
couraged If  they  are  available  and  are  equally 
appropriate  for  the  purposes  of  the  experi- 
ment. 

a Shotgun  experiments  These  experi- 
ments Involve'  the  production  of  novel  re- 
combinant DNAs  between  the  vector  and 
portions  of  the  total  DNA  or  (preferably) 
any  partially  purified  fraction  thereof  from 
the  specified  cellular  source  Care  should  be 
taken  either  to  preclude  or  eliminate  con- 
taminating microorganisms  before  isolation 
of  the  DNA. 

(1)  Eukaryotic  DSA  Recombinants. — (a) 
Pnmate*  P3  physical  containment -an 
EK2  host-vector  for  DNA  from  uninfected 
(le.  not  productively  Infected)  cells:  other- 
wise. f*4  — EKl  or  P3  - EK3  must  be  used 

(b!  Other  mammals  P2  physical  con- 
tainment-an  EK2  host-vector 

(c)  Birds  P3  physical  containment  - an 
EK2  host-vector 

(d)  Cold-Blooded  Vertebrates  P3  physi- 
cal containment -an  EK2  host-vector  or 
P3  - EK 1 except  for  uncontaminated  em- 
bryonic or  germllne  DNA  from  laboratory- 
reared  animals  which  requires  P2  - EK  1 or 
PI  + EKJ  If  the  eukaryote  Is  known  to  pro- 
duce a potent  polypeptide  toxin.1  the  con- 
tainment shall  be  Increased  to  P3-EK2 

(ei  Other  Cold-Blooded  Animals  And 
Veneer  Eukaryotes  This  large  class  of 
eukaryotes  is  divided  Into  two  groups 

1 Species  that  are  known  to  produce  a 
potent  polypeptide  toxin  1 for  vertebrates,  or 
are  known  pathogens  listed  In  Class  2 (See 
Appendix  Bi.  or  are  known  to  carry  such 
pathogens  must  use  P3  physical  contain- 
ment - an  EK2  host-vector  When  the  potent 
toxin  Is  not  polypeptide  and  Is  likely  not  to 
be  the  product  of  closely  linked  eukaryote 
gene*,  containment  may  be  reduced  to  P3+- 
EKl  or  P2  - EK2  Species  that  produce  potent 
toxins  that  affect  Invertebrates  or  plants: 
P2-EK3  or  P3-EK1 

Any  species  that  has  a demonstrated  capac- 
ity for  carrying  particular  pathogenic  micro- 
organisms Is  Included  In  this  group  unless 
It  has  been  shown  that  those  organisms  used 
as  the  source  of  DNA  do  not  contain  these 
agents.  In  this  case  they  may  be  placed  In 
the  following  group 

l.  The  remainder  of  the  species  In  this 
class  P24-EK1  or  PI  — EK2  However,  any 
insect  In  this  group  must  be  either  (1)  grown 
under  laboratory  conditions  for  at  least  10 
generations  prior  to  Its  use  as  a source  of 
DNA.  or  (11)  If  caught  In  the  wild,  must  be 
shown  to  be  free  of  disease-causing  micro- 
organisms or  must  belong  to  a species  that 
does  not  carry  microorganisms  causing  dis- 
ease in  vertebrates  or  plants.  If  these  con- 
ditions cannot  be  met.  experiments  must  be 
done  under  P3+EK1  or  P2-EK2  contain- 
ment. 

(f)  Plants.  P2  physical  containment  4.  an 
EK  1 host- vector  or  P1  + EK2  If  the  plant 
source  carries  a known  pathogenic  micro- 
organism or  makes  a potent  polypeptide  tox- 
in.1 the  containment  must  be  raised  to  P3 
physical  containment  -1-  an  EK2  host-vector. 
When  the  potent  toxin  is  not  polypeptide  and 
is  likely  not  to  be  the  product  of  closely 
linked  eukaryote  genes,  containment  may  be 
reduced  to  P3-EK1  or  P2-EK2 

(g)  Cloning  of  tiro!  genomes  from  eukary- 
otic cell  DNA  Efforts  to  Isolate  and  amplify 
any  part  or  all  of  an  endogenous  Retrovirus 
genome,  or  nucleotide  sequences  identified  by 
their  homology  with  a known  Retrovirus  ge- 
Dome.  shall  be  carried  out  according  to  the 
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specifications  for  Retroviruses  In  Section  b. 
Similar  considerations  apply  to  attempts  to 
clone  viral  genomes  from  exogenously  In- 
fected cells;  containment  conditions  are  those 
for  the  viral  genome  In  question,  as  defined 
In  Section  b. 

(2)  Prokaryotic  DNA  recombinants.  The 
minimum  containment  conditions  consist  of 
P2  physical  containment-!- an  EK1  host-vec- 
tor  or  P1  + EK2  and  apply  when  the  DNA  Is 
from  those  bacteria  that  have  been  exten- 
sively characterized  as  to  the  physiological, 
biochemical,  and/or  genetic  properties  and 
when  the  risk  that  the  recombinant  DNAs 
will  Increase  the  pathogenicity  or  ecological 
potential  of  the  host  Is  Judged  to  be  minimal. 
A description  of  the  relevant  properties  of 
organisms  which  may  meet  these  criteria 
should  be  submitted  to  the  Office  of  Recom- 
binant DNA  Activities,  NIH,  for  approval  of 
this  minimal  containment  level  by  the  Di- 
rector, NIH,  on  the  recommendation  of  the 
Recombinant  DNA  Molecule  Program  Advis- 
ory Committee. 

Experiments  with  DNAs  from  bacteria  that 
are  not  extensively  characterized  require  P2 
physical  containment-)- an  EK2  host-vector  or 
P3+EK1.  Experiments  with  DNAs  from  path- 
ogenic species  (Class  2 and  plant  pathogens. 
See  Appendix  B)  must  use  P3  + EK2. 

b.  Plasmids,  bacteriophages,  and  other 
viruses.  Recombinants  formed  between  a 
vector  and  some  other  plasmid  or  virus  DNA 
have  In  common  the  potential  for  acting 
as  double  vectors  because  of  the  replica- 
tion functions  in  these  DNAs.  The  con- 
tainment conditions  given  below  apply  only 
to  propagation  of  the  DNA  recombiants  In 
E.  coli  K-12  hosts.  They  do  not  apply  to 
other  hosts  in  which  the  recombinants  may 
be  able  to  replicate  as  a result  of  functions 
provided  by  the  DNA  Inserted  into  the  EK 
vectors.  These  are  considered  under  other 
host- vector  systems. 

(1)  Viruses  of  eukaryotes* — (a)  Viruses 
Of  Warm-Blooded  Vertebrates — 1.  DNA  Pi- 
ruses  And  DNA  Transcripts  Of  Retrovirus 
Genomes.  P4  physical  containment-!- an  EK1 
host- vector  or  P3  + EK3  shall  be  used  for 
DNA  recombinants  produced  with  the  whole 
genome  or  in  shotgun  type  experiments  with 
unpurlfled  segments  thereof. 

Containment  can  be  reduced  to  P3  + EK2 
for  clones  shown  to  contain  less  than  the 
complete  potentially  infectious  viral  genome, 
or  for  cloning  purified 8 subgenomlc  seg- 
ments.” However,  In  both  cases,  if  the 
cloned  segment  contains  any  portion  of  a 
viral  gene  region  that  Is  known  or  sus- 
pected to  be  responsible  for  neoplastic  trans- 
formation, that  portion  must  not  be  large 
enough  to  code  for  a functional  polypep- 
tide. 

2.  DNA  Transcripts  Of  Other  RNA  Virus 
Genomes.  In  the  case  of  RNA  viruses  with 
non-segmented  genomes,  containment  con- 
ditions are  as  outlined  In  the  preceding  Sec- 
tion. 

In  the  case  of  RNA  viruses  with  segmented 
genomes,  the  virtual  Impossibility  of  syn- 
thesizing a single  DNA  molecule  contain- 
ing the  entire  viral  genetic  Information  from 
the  extracted  RNA  permits  a lower  level 
of  containment  for  shotgun  type  experi- 
ments. P3  physical  containment  + an  EK2 
host-vector  may  be  used. 

(b)  Viruses  Of  Cold-Blooded  Vertebrates. — 
1.  DNA  Viruses  And  DNA  Transcripts  Of  Ret- 
rovirus Genomes.  P4  physical  containment 
+ an  EK1  hostvector  or  P3  + EK2  shall  be 
used  for  DNA  recombinants  produced  with 
the  whole  genome  or  In  shotgun  type  ex- 
periments with  unpurlfled  segments  thereof. 

Containment  can  be  reduced  to  P2  + EK2 
for  clones  shown  to  contain  less  than  the 
complete,  potentially  Infectious  viral  genome 
or  for  cloning  purified 8 subgenomlc  seg- 
ments. However,  In  both  cases,  If  the  cloned 


segment  contains,  any  portion  of  a viral 
gene  region  that  Is  known  or  suspected  to 
be  responsible  for  neoplastic  transformation, 
that  portion  must  not  be  large  enough  to 
code  for  a functional  polypeptide. 

2.  DNA  transcripts  of  other  RNA  virus 
genomes.  In  the  case  of  RNA  viruses  with 
non-segmented  genomes,  containment  con- 
ditions are  as  outlined  In  the  preceding 
Section.  In  the  case  of  RNA  viruses  with  seg- 
mented genomes,  the  virtual  Impossibility  of 
synthesizing  a single  DNA  molecule  contain- 
ing the  entire  viral  genetic  Information  from 
the  extracted  RNA  permits  a lower  level  of 
containment  for  shotgun  type  experiments. 
P2  physical  containment  _)_  an  EK2  host- 
vector  may  be  used. 

(c)  Viruses  of  invertebrates  and  proto- 
zoa.— 1.  Baculoviruses  which  have  been  regis- 
tered by  the  Environmental  Protection 
Agency  as  pesticides .’  For  cloning  all  or  part 
of  the  viral  genome:  PI  physical  contain- 
ment + an  EK2  host-vector  or  P2  + EK1. 

2.  Other  viruses.  Same  containment  levels 
as  for  viruses  of  cold-blooded  vertebrates. 

(d)  Viruses  of  plants.  P3  physical  con- 
tainment-!-an  EK1  host-vector  or  P2-|_EK2 
conditions  shall  be  used  to  form  DNA  re- 
combinants that  Include  all  or  part  of  the 
genome  of  a plant  virus. 

(2)  Eukaryotic  organelle  DNAs.  The  con- 
tainment conditions  given  below  apply  only 
when  the  organelle  DNA  has  been  purified  8 
from  Isolated  organelles.  Mitochondrial  DNA 
from  primates:  P3  physical  containment-!- an 
EK1  host- vector  or  P2  + EK2.  Mitochondrial 
or  chloroplast  DNA  from  other  eukaryotes: 
P2  + EK1.  Otherwise,  the  conditions  given 
under  shotgun  experiments  apply. 

(3)  Prokaryotic  plasmid  and  phage  DNAs. 
The  containment  levels  required  for  shotgun 
experiments  with  DNA  from  prokaryotes 
apply  to  their  plasmids  or  phages. 

c.  Lowering  of  containment  levels  for 
characterized  or  purified  DNA  preparations 
and  clones.  Many  of  the  risks  which  might 
conceivably  arise  from  some  types  of  recom- 
binant DNA  experiments,  particularly  shot- 
gun experiments,  would  result  from  the 
inadvertent  cloning  of  a harmful  sequence. 
Therefore,  in  cases  where  the  risk  of  inad- 
vertently cloning  the  “wrong”  DNA  Is  re- 
duced by  prior  enrichment  for  the  desired 
piece,  or  in  which  a clone,  made  from  a ran- 
dom assortment  of  DNAs,  has  been  purified 
and  the  absence  of  harmful  sequences  estab- 
lished, the  containment  conditions  for  fur- 
ther work  may  be  reduced.  The  following 
section  outlines  the  mechanisms  for  such 
reductions. 

(1)  Purified  DNA  other  than  plasmids, 
bacteriophages,  and  other  viruses.  The  for- 
mation of  DNA  recombinants  from  cellular 
DNAs  that  have  been  purified 8 by  physical 
and  chemical  techniques  and  which  are  free 
of  harmful  genes  can  be  carried  out  under 
lower  containment  conditions  than  used  for 
the  corresponding  shotgun  experiment.8  In 
general,  the  containment  may  be  decreased 
one  step  In  physical  containment  (P4-»P3_> 
P2-»P1)  while  maintaining  the  biological 
containment  specified  for  the  shotgun  ex- 
periment. or  one  step  In  biological  contain- 
ment (EK3-»EK2-»EK1)  while  maintaining 
the  specified  physical  containment — pro- 
vided that  the  new  containment  condition  is 
not  less  than  that  specified  below  for  char- 
acterized clones  from  shotgun  experiments. 

The  institutional  biohazards  committee 
(IBC)  may  approve  such  a reduction.  The 
IBC  must  notify  the  Office  of  Recombinant 
DNA  Activities  (ORDA)  In  writing  of  all  such 
actions. 

(2)  Characterized  clones  of  DNA  recombi- 
nants. When  a cloned  DNA  recombinant  has 
been  rigorously  characterized  and  there  Is 
sufficient  evidence  that  it  is  free  of  harmful 
genes,3  experiments  Involving  this  recombi- 


nant DNA  may  be  carried  out  under  lower 
containment  conditions. 

(a)  Institutional  biohazards  committees 
(IBCs)  may  give  approval  for  a single  step 
reduction  In  physical  or  biological  contain- 
ment on  receipt  of  evidence  of  characteriza- 
tion of  the  clone  and  Its  probable  freedom 
from  harmful  genes.  The  IBC  must  notify 
the  Office  of  Recombinant  DNA  Activities 
(ORDA)  In  writing  of  all  such  actions. 

(b)  Reduction  of  containment  levels  by 
more  than  one  step  will  require  prior  ap- 
proval by  ORDA. 

2.  Experiments  with  other  prokaryotic 
host-vectors.  Host-vector  systems  which 
have  been  approved  as  HV1  systems  may  be 
used  under  P2  containment  conditions  for 
shotgun  experiments  with  phages,  plasmids, 
and  prokaryotic  DNA  from  non-pathogenlc 
prokaryotes  which  do  not  produce  polypep- 
tide toxins*  (i.e.,  organisms  which  can  be 
cloned  Into  EK1  hosts  under  P2  conditions) . 

Other  classes  of  recombinant  DNA  experi- 
ments with  these  HV1  systems  will  require 
prior  approval  and  classification  by  NIH. 
Experiments  with  DNAs  from  eukaryotes 
(and  their  plasmids  or  viruses)  will  gener- 
ally follow  the  criteria  for  the  correspond- 
ing experiments  with  E.  coli  K-12  host- 
vectors  If  the  major  habitats  of  the  given 
host-vector  overlap  those  of  E.  coli.  The 
habitats  of  other  host-vector  systems  should 
also  be  considered  In  relation  to  contain- 
ment. 

3.  Experiments  with  eukaryotic  host- 
vectors. — a.  Vertebrate  host-vector  systems. 
Because  this  work  will  be  done  almost  ex- 
clusively in  tissue  culture  cells,  which  have 
no  capacity  for  propagation  outside  the  labo- 
ratory, the  primary  focus  for  containment 
Is  the  vector.  Given  good  microbiological 
practices,  the  most  likely  mode  of  escape 
of  recombinant  DNAs  from  a physically  con- 
tained laboratory  is  carriage  by  humans; 
thus  vectors  that  have  little  or  no  ability 
to  replicate  in  human  cells  should  be  chosen. 
Also,  a recombinant  virus  should  not  lnad-. 
vertently  pose  a threat  to  any  species.  Prior 
to  Its  use  as  a vector  In  a vertebrate  host 
cell  system,  a DNA  molecule  needs  to  display 
the  following  properties: 

(I)  It  shall  not  consist  of  the  whole 
genome  of  any  agent  that  Is  Infectious  for 
humans  or  that  replicates  to  a significant 
extent  In  human  cells  In  tissue  culture.  If 
the  recombinant  molecule  Is  used  to  trans- 
form nonpermissive  cells  (l.e.,  cells  which 
do  not  produce  Infectious  virus  particles), 
this  Is  not  a requirement. 

(II)  If  the  DNA  Is  of  viral  origin,  the  virus 
should  not  exhibit  significant  pathogenicity 
In  Its  natural  biology,  and  the  range  of  spe- 
cies In  which  the  virus  replicates  efficiently 
should  be  narrow. 

(ill)  Its  functional  anatomy  shall  be 
known — that  is,  there  should  be  a clear  idea 
of  the  location  within  the  molecule  of: 

(a)  The  sites  at  which  DNA  synthesis 
originates  and  terminates. 

(b)  The  sites  that  are  cleaved  by  restric- 
tion endonucleases. 

(c)  The  template  regions  for  the  major 
gene  products. 

(lv)  It  must  be  defective  when  carrying 
an  inserted  DNA  segment;  that  Is,  propaga- 
tion of  the  recombinant  DNA  as  a virus  must 
be  dependent  upon  the  presence  of  a com- 
plementing helper  genome.  Subject  to  the 
limitation  In  (1)  above.  It  is  not  required 
In  all  cases  that  the  recombinant  be  derived 
from  a defective  vector  molecule;  defective- 
ness resulting  from  Inactivation  of  an  essen- 
tial gene  by  the  inserted  DNA  sequence  Is 
sufficient.  If  possible,  the  helper  should 
either:  (a)  be  integrated  Into  the  genome 
of  a stable  line  of  host  cells  (a  situation  that 
would  effectively  limit  the  growth  of  the  vec- 
tor to  that  particular  cell  line),  or  (b)  con- 


FEDERAL  REGISTER,  VOL  42,  NO.  187— TUESDAY,  SEPTEMBER  27,  1977 


[170] 


NOTICES 


49603 


list  of  a defective  genome  or  an  appropriate 
conditional  lethal  mutant  virus,  making  vec- 
tor and  helper  dependent  upon  each  other 
for  propagation  However,  this  Is  not  a re- 
quirement 

In  the  case  of  very  short  Insertions.  le„ 
of  less  than  50  base  pairs.  It  Is  not  necessary 
that  the  recombinant  be  defective  However, 
three  requirements  must  be  met.  First,  the 
Inserted  sequence  must  be  either  (a)  a prod- 
uct of  In  vitro  synthesis:  or  (b)  a sequence, 
or  segment  of  a sequence,  which  has  been 
purified  * by  chemical  means  or  by  cloning, 
and  which  does  not  code  for  a toxic  product. 
Second.  It  must  not  be  of  viral  origin.  Third. 
It  must  be  confirmed  that  the  virus  contain- 
ing the  Inserted  segment  has  not  Increased 
in  Its  ability  to  replicate  In  human  cells  In 
tissue  culture. 

Currently  the  only  vertebrate  viral  DNAs 
that  can  be  considered  as  meeting  these  re- 
quirements are  the  genomes  of  polyoma  vi- 
rus. SV40.  and  Adenovirus  types  2 and  5. 

(I)  Polyoma  tiruj.  (a)  Defective  or  Intact 
polyoma  virus  genomes,  with  appropriate 
helper.  If  necessary,  can  be  used  In  P3  con- 
ditions to  propagate  DNA  sequences  from: 

Bacteria  of  Class  1 or  Class  3 (See  Appen- 
dix B).  or  their  phages  or  plasmids,  except 
for  species  of  bacteria  that  produce  potent 
polypeptide  toxins  * 

Eukaryotic  organisms  that  do  not  produce 
potent  polypeptide  toxins  • Whenever  there 
Is  a choice.  It  is  urged  that  mouse  cells,  de- 
rived preferably  from  embroyos.  be  used  as 
the  source  of  eukaryotic  DNA.  Polyoma  virus 
Is  a mouse  virus  and  recombinant  DNA 
molecules  containing  both  viral  and  cellular 
sequences  are  already  known  to  be  present 
In  virus  stocks  grown  at  a high  multiplicity. 
Thus,  recombinants  formed  In  vitro  between 
polyoma  virus  DNA  and  mouse  DNA  are  pre- 
sumably not  novel  from  an  evolutionary 
point  of  view 

(b)  Polyoma  genomes  that  are  uncondi- 
tionally defective  by  virtue  of  a deletion  In 
an  essential  gene  region  may  be  used,  with 
appropriate  helper.  In  P3  conditions  to  prop- 
agate. In  mouse  cell  cultures,  eubgenomlc 
segments  of  Class  1 or  Class  3 viruses  (See 
Appendix  B)  which  do  not  replicate  In 
mouse  cells:  provided.  That  It  Is  clear  from 
the  nature  of  the  DNA  segments  to  be  com- 
bined that  there  Is  no  mechanism  whereby 
a nondefective  virus  could  be  generated  Viral 
DNA  preparations  used  for  ligation  should 
contain  lees  than  1%  contamination  with  In- 
tact genomes 

It  must  be  verified  that  the  defective- 
virus  helper-virus  system  has  not  been  al- 
tered by  the  Inserted  DNA  so  as  to  replicate 
In  human  tissue  culture  cells. 

(3)  SV40  and  adenovirus  types  2 and  5.  (a) 
Oenomes  of  8V40  and  Ad  3 and  5 which  are 
unconditionally  defective  by  virtue  of  a dele- 
tion In  an  essential  gene  region  may  be  used, 
with  helper,  as  vectors  for  DNA  molecules 
of  the  types  listed  under  Polyoma  virus  (See 
(1)  above).  Pt  conditions  are  required.  Viral 
DNA  preparations  used  for  ligation  should 
contain  less  than  1%  contamination  with 
Intact  genomes. 

(b)  Such  experiments  may  be  carried  out 
In  P3  conditions  If  the  Inserted  DNA  segment 
Is  (1)  a purified*  segment  of  prokaryotic 
DNA  lacking  toxigenic  genea  or  (11)  a seg- 
ment of  eukaryotic  DNA  whose  gene  product 
has  been  Identified,  which  does  not  code  for 
a toxic  product,  and  which  has  been  previ- 
ously cloned  In  a prokaryotic  host-vector  sys- 
tem. or  In  P4  conditions  as  In  (a),  above. 
In  the  case  of  SV40.  If  helper  Is  used.  It  shall 
be  confirmed  that  the  defectlve-vlrus/helper- 
vlrus  system  does  not  reproduce  significantly 
more  viral  DNA  or  progeny  virus  In  human 
cells  In  tissue  culture  than  does  SV40,  fol- 
lowing Infection  at  a multiplicity  of  Infec- 
tion of  one  or  more  helper  SV40  viruses  per 


cell;  P3  conditions  .may  be  used  for  this 
testing. 

(c)  A viral  DNA  molecule  which  Is  uncon- 
ditionally defective  by  virtue  of  a deleuon 
In  the  capsid  genes  and  which  Is  capable  of 
autonomous  replication  (analogous  to  a 
plasmid)  can  be  used  as  a vector  lor  pro- 
pagating DNA  from  Claes  1 agents  (See  Ap- 
pendix B)  in  established  cell  lines  P3  con- 
ditions can  be  ustd  for  shotgun  type  experi- 
ments: Provided.  That  the  vector  Is  known 
to  be  free  of  the  complete  viral  genome  by 
virtue  of  having  been  propagated  serially  In 
Its  absence.  Otherwise.  P4  containment  con- 
ditions must  be  used 

(d)  Recombinant  DNA  molecules  consist- 
ing of  SV40  or  Ad.  3 or  5 DNA  plus  subgenom- 
Ic  sequences  from  eukaryotic  organisms  or 
Class  1 or  Class  2 agents  (See  Appendix  B) 
may  be  used  to  transform  nonpermlsslve 
cells  under  P3  conditions  The  recombinant 
molecule  must  be  defective,  and  It  must  be 
demonstrated  that  no  Infectious  virus  par- 
ticles are  being  produced:  rescue  of  SV40 
from  such  transformed  cells  by  co-cultiva- 
tion or  transfection  techniques  must  be  car- 
ried out  In  P4  conditions. 

b.  /nrevfebraf*  Aosf-iecfor  systems:  Pesti- 
cide bacutoaruses  Baculovlruses  which  have 
been  registered  by  the  Environmental  Pro- 
tection Agency  for  commercial  dissemination 
as  biological  pesticides  have  been  suggested 
for  use  as  cloning  vectors.  Two  viruses  are 
presently  registered,  the  Heliothis  sea  bacu- 
lovtrua  for  control  of  the  cotton  boll  worm 
and  tobacco  budworm.  and  the  Orygia 
pseudotsugata  baculovirus  for  control  of  the 
Douglas-fir  tussock'  moth’  These  viruses 
have  a host  range  which  Is  restricted  to  their 
natural  hostis).  which  are  serious  Insect 
pests,  they  have  been  extensively  tested  for 
pathogenicity  for  many  species  of  vertebrates 
and  invertebrates,  with  completely  negative 
results  (28);  they  replicate  best  and  cause 
natural  disease  only  In  the  larval  stage  of  the 
insect,  thus  simplifying  containment;  they 
have  no  taxonomic  relatives  among  viruses 
of  vertebrates,  and  tissue  culture  systems  are 
available  From  available  data,  these  proper- 
tles  appear  to  offer  great  safety  features. 
However,  much  still  needs  to  be  learned  Par- 
ticularly needed  Is  Information  on  the  na- 
ture of  the  host  range  specificity,  and  on  the 
lnfectlvlty  and  persistence  of  the  viral  DNA 
In  vertebrate  and  Invertebrate  cell  cultures. 

When  such  background  Information  Is 
available,  and  If  It  confirms  the  narrow  host 
range  specificity,  a baculovirus  vector  may 
be  used  for  cloning  DNA  segments  derived 
from  the  host  Insect,  from  another  Environ- 
mental Protection  Agency  registered  baculo- 
virus. or  from  an  EKI  bacterium  using  P2 
physical  containment.  During  the  explora- 
tory phases  of  this  work  It  Is  not  envisioned 
that  the  cloning  of  other  classes  of  DNA 
will  need  to  be  studied. 

c.  Plant  Aost-recfor  systems.  For  cells  In 
tissue  cultures,  seedlings,  plant  parts  (e  g., 
tubers,  stems,  fruits,  and  detached  leaves) 
or  whole-mature  plants  of  small  species  (e  g.. 
Arabidoprti)  the  descriptions  of  P1-P4  phys- 
ical containment  conditions  that  have  been 
previously  specified  are  adequate.  However, 
work  with  most  whole  plants  pose  additional 
problems  The  greenhouse  facilities  approxi- 
mating P2  laboratory  physical  containment 
conditions  can  be  provided  by:  (1)  Insect- 
proof  greenhouses.  (11)  appropriate  steriliza- 
tion of  contaminated  plants,  pots.  soil,  and 
run-off  water,  and  (111)  adoption  of  the 
other  standard  practices  for  microbiological 
work.  P3  physical  containment  can  be  suffi- 
ciently approximated  by  confining  the  oper- 
ations with  whole  plants  to  growth  chambers 
like  those  used  for  work  with  radioactive  Iso- 
topes. provided  that  (1)  such  chambers  are 
modified  to  produce  a negative  pressure  en- 
vironment with  the  exhaust  air  appropriately 


filtered.  (U)  other  operations  with  Infectious 
materials  are  carried  out  under  the  specified 
P3  conditions,  and  (111)  growth  chambers 
are  routinely  fumigated  and  only  used  in  In- 
sect-proof rooms  In  order  to  guard  against 
Inadvertent  Insect  transmission  of  recom- 
binant DNA.  The  P3  and  P3  conditions  speci- 
fied earlier  are  therefore  extended  to  Include 
these  cases  for  work  on  higher  plants. 

Whole  plants  or  plant  parts  that  cannot 
be  adequately  contained  shall  not  be  used  as 
hosts  for  recombinant  DNA  experiments  at 
this  time. 

Organelle  or  plasmid  DNAs  or  DNAs  of  vi- 
ruses of  restricted  ho6t  range  may  be  used 
as  vectors.  In  general,  criteria  for  selecting 
viruses  similar  to  those  given  In  the  preced- 
ing section  on  animal  systems  are  to  apply 
to  plant  systems. 

DNA  recom'-lnants  formed  between  the 
Initial  moderately  contained  vectors,  and 
DNA  from  cells  of  species  In  which  the  vec- 
tor DNA  can  replicate,  require  P2  physical 
containment.  However.  If  the  source  of  the 
DNA  Is  Itself  pathogenic  or  known  to  carry 
pathogenic  agents,  or  to  produce  products 
dangerous  to  plants,  or  If  the  vector  Is  an 
unmodified  virus,  the  experiments  shall  be 
carried  out  under  P3  conditions. 

Experiments  on  recombinant  DNAs  formed 
between  the  above  vectors  and  DNAs  from 
other  species  may  also  be  carried  out  under 
P2  containment  If  that  DNA  has  been  puri- 
fied • and  determined  not  to  contain  harm- 
ful genes  Otherwise,  the  experiments  shall 
be  carried  out  under  P3  conditions  If  the 
source  of  the  Inserted  DNA  Is  not  Itself  a 
pathogen,  or  known  to  carry  such  patho- 
genic agents,  or  to  produce  harmful  prod- 
ucts— and  under  P4  condltons  If  these  con- 
ditions are  not  met. 

The  development  and  use  af  host-vector 
systems  that  exhibit  a high  level  of  bio- 
logical containment,  such  as  those  using 
protoplasts  or  undifferentiated  cells  In  cul- 
ture. permit  a decrease  of  one  step  In 
the  physical  containment  cpeclfled  above 
( P4 -♦P3— * P2-*  PI ) . 

d Fungal  or  similar  lower  eukaryotic  host- 
vector  systems  The  Containment  criteria  for 
experiments  on  recombinant  DNAs  using 
these  host-vectors  most  closely  resemble 
those  for  prokaryotes,  rather  than  those  for 
the  preceding  eukaryotes,  since  the  host  cells 
usually  exhibit  a capacity  for  dissemination 
outside  the  laboratory  that  Is  similar  to 
that  for  bacteria.  Therefore,  the  contain- 
ment guidelines  given  for  experiments  with 
prokaryotic  host-vectors  (Sections  III  B-l 
and  -2)  provide  adequate  direction  for  ex- 
periments with  these  lower  eukaryotic  host- 
vectors.  This  Is  particularly  true  at  this 
time  since  the  development  of  these  host- 
vectors  Is  presently  In  the  speculative  stage. 

4 Complementary  DNAs.  Where  applicable. 
cDNAs  (l.e„  complementary  DNAs)  synthe- 
sized In  vltso  from  cellular  or  viral  RNAs 
are  Included  within  each  of  the  above  clas- 
sifications. For  example.  cDNAs  formed  from 
cellular  RNAs  that  are  not  purified  and 
characterized  are  Included  under  Bl.a.. 
shotgun  experiments;  cDNAs  formed  from 
viral  RNAs  are  Included  under  B l.b;  cDNAs 
formed  from  purified  and  characterized 
RNAs  are  Included  under  B.l.c.;  etc.  Due 
to  the  possibility  of  nucleic  add  contamina- 
tion of  enzyme  preparations  used  In  the 
preparation  of  cDNAs.  the  Investigator  must 
employ  purified  enzyme  .preparations  that 
are  free  of  viral  nucleic  acid. 

6.  Handling  recombinant  DNA  mole- 
cules. Preparations  of  recombinant  DNA 
molecules  which  do  not  contain  viable  or- 
ganisms should  be  handled  with  good  micro- 
biological techniques  equivalent  to  those 
used  In  a PI  laboratory.  All  recombinant 
DNAs  should,  however,  be  Inactivated  prior 
to  disposal. 
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NOTICES 


IV.  Holes  and  Responsibilities 

Safety  In  research  Involving  recombinant 
DNA  molecules  depends  upon  how  the  re- 
search team  applies  these  guidelines.  Moti- 
vation and  critical  Judgment  are  necessary, 
In  addition  to  specific  safety  knowledge,  to 
ensure  protection  of  personnel,  the  public, 
and  the  environment. 

The  Guidelines  given  here  are  to  help  the 
principal  investigator  determine  the  nature 
of  the  safeguards  that  should  be  Implement- 
ed. These  Guidelines  will  be  Incomplete  In 
some  respects  because  all  conceivable  experi- 
ments with  recombinant  DNAs  cannot  be 
anticipated.  Therefore,  they  cannot  substi- 
tute for  the  Investigator’s  own  knowledge- 
able and  discriminating  evaluation.  When- 
ever this  evaluation  calls  for  an  Increase  In 
containment  over  that  Indicated  In  the 
Guidelines,  the  Investigator  has  a responsi- 
bility to  Institute  such  an  Increase.  In  con- 
trast, the  containment  conditions  called  for 
In  the  Guidelines  may  not  be  decreased  with- 
out review  and  approval  at  the  Institutional 
and/or  NTH  levels. 

The  following  roles  and  responsibilities  de- 
fine an  administrative  framework  In  which 
safety  Is  an  essential  and  Integrated  func- 
tion of  research  Involving  recombinant  DNA 
molecules. 

A.  Principal  investigator.  Each  principal 
Investigator  shall  have  had  adequate  train- 
ing In  good  microbiological  techniques.  The 
principal  Investigator  has  the  primary  re- 
sponsibility for:  (1)  Determining  the  real 
and  potential  biohazards  of  the  proposed 
research,  (11)  determining  the  appropriate 
level  of  biological  and  physical  containment, 
(111)  selecting  the  microbiological  practices 
and  laboratory  techniques  for  handling  re- 
combinant DNA  materials,  (lv)  preparing 
procedures  for  dealing  with  accidental  spills 
and  overt  personnel  contamination,  (v)  se- 
curing approval  of  the  proposed  research 
prior  to  Initiation  of  work,  (vl)  submitting 
Information  on  purported  HV2  and  HV3  sys- 
tems to  the  NTH  Recombinant  DNA  Mole- 
cule Program  Advisory  Committee  and  mak- 
ing the  strains  available  to  others,  ( vll)  re- 
porting to  the  Institutional  biohazards  com- 
mittee and  the  NTH  Office  of  Recombinant 
DNA  Activities  new  Information  bearing  on 
the  Guidelines,  such  as  technical  Informa- 
tion relating  to  hazards  and  new  safety  pro- 
cedures or  Innovations,  (vlll)  applying  to 
the  Institutional  biohazards  committee  and/ 
or  to  the  NTH  Office  of  Recombinant  DNA 
Activities  for  approval  to  lower  containment 
levels  when  a cloned  DNA  recombinant  de- 
rived from  a shotgun  experiment  has  been 
rigorously  characterized  and  there  Is  suffi- 
cient evidence  that  It  Is  free  of  harmful 
genes,  and  (lx)  packaging  and  distributing 
organisms  and  viruses  containing  recom- 
binant DNA  In  accordance  with  the  speci- 
fications set  forth  In  Section  II.,  C.  (Ship- 
ment) . 

Before  work  Is  begun,  the  principal  Inves- 
tigator Is  responsible  for:  (1)  Making  avail- 
able to  program  and  support  staff  copies  of 
the  approved  protocols  that  describe  the  bio- 
hazards and  the  precautions  to  be  taken,  (11) 
advising  the  program  and  support  staff  of 
the  nature  and  assessment  of  the  real  and 
potential  biohazards,  (111)  Instructing  and 
training  this  stafr  In  the  practices  and  tech- 
niques required  to  ensure  safety,  and  In  the 
procedures  for  dealing  with  accidentally  cre- 
ated biohazards,  and  (lv)  Informing  the  stafr 
of  the  reasons  and  previsions  for  any  advised 
or  requested  precautionary  medical  prac- 
tices, vaccinations,  or  serum  collection. 

During  the  conduct  of  the  research, 
the  principal  Investigator  Is  responsible 
for:  (1)  Supervising  the  safety  perform- 
ance of  the  stall  to  ensure  that  the  re- 
quired safety  practices  and  techniques 


are  employed,  (11)  investigating  and  re- 
porting In  writing  to  the  NIH  Office  of 
Recombinant  DNA  Activities,  the  Institu- 
tional biological  safely  officer  (where 
applicable),  and  the  Institutional  bio- 
hazards committee  any  serious  or  ex- 
tended illness  of  a worker  or  any  accident 
that  results  In  <&>  Inoculation  of  recom- 
binant DNA  materials  through  cutaneous 
penetration,  (b)  Ingestion  of  recombi- 
nant DNA  materials,  (c)  probably  Inha- 
lation of  recombinant  DNA  materials 
following  gross  aerosollzation,  or  (d)  any 
Incident  causing  serious  exposure  to  per- 
sonnel or  danger  of  environmental  con- 
tamination, (111)  Investigating  and  re- 
porting In  writing  to  the  NIH  Office  of 
Recombinant  DNA  Activities,  the  Insti- 
tutional biological  safety  officer  (where 
applicable),  and  the  institutional  bio- 
hazards committee  any  significant  prob- 
lems pertaining  to  operation  and  imple- 
mentation of  biological  and  physical 
containment  safety  practices  and  pro- 
cedures, or  equipment  or  facility  failure, 
(lv)  correcting  work  errors  and  condi- 
tions that  may  result  in  the  release  of 
recombinant  DNA  materials,  and  (v)  en- 
suring the  Integrity  of  the  physical  con- 
tainment (e.g.,  biological  safety  cabinets) 
and  the  biological  containment  (e.g., 
genotypic  and  phenotypic  characteris- 
tics, purity,  etc.) . 

B.  Institution.  Since  In  almost  all  cases 
NIH  grants  are  made  to  Institutions 
rather  than  to  Individuals,  all  the  re- 
sponsibilities of  the  principal  investiga- 
tor listed  above  are  the  responsibilities  of 
the  institution  under  the  grant,  fulfilled 
on  Its  behalf  by  the  principal  Investiga- 
tor. In  addition,  the  institution  Is  re- 
sponsible for  establishing  an  Institutional 
biohazards  committee  “to:  (1)  Advise  the 
Institution  on  policies,  (11)  create  and 
maintain  a central  reference  file  and 
library  of  catalogs,  books,  articles,  news- 
letters, and  other  communications  as  a 
source  of  advice  and  reference  regarding, 
for  example,  the  availability  and  quality 
of  the  safety  equipment,  the  availability 
and  level  of  biological  containment  for 
various  host-vector  systems,  suitable 
training  of  personnel,  and  data  on  the 
potential  biohazards  associated  with  cer- 
tain recombinant  DNAs,  and  (ill)  develop 
a safety  and  operations  manual  for  any 
P4  facility  maintained  by  the  Institution 
and  used  In  support  of  recombinant  DNA 
research. 

Each  Institution  has  the  responsibility  for 
ensuring  that  research  personnel  have  been 
adequately  trained  In,  and  consistently  em- 
ploy, good  microbiological  technique.  The  In- 
stitution shall  certify  to  the  NIH  on  applica- 
tions for  research  support  and  annually 
thereafter,  that  facilities,  procedures,  and 
practices  and  the  training  and  expertise  of 
the  personnel  Involved  have  been  reviewed 
and  approved  by  the  Institutional  biohazards 
committee. 

Each  Institution  shall  also  determine  the 
necessity  of  various  medical  procedures  for 
research  personnel,  arrange  for  these  neces- 
sary procedures,  and  regularly  review  the  re- 
sults. For  example,  such  procedures  might  In- 
clude pre-employment  or  pre-assignment  his- 
tory and  physical  examination  to  detect  rele- 
vant medical  situations,  such  as  steroid  ther- 
apy, Immunosuppression,  pregnancy,  gastro- 


intestinal disorders,  Including  achlorhydria, 
or  stomach  or  bowel  resection  or  disorders 
which  may  require  the  use  of  antibiotics  or 
large  doses  of  antacids.  Individuals  receiving 
Antibiotics  should  not  work  with  prokaryotic 
hos-vector  systems  during  therapy  nor  for 
seven  days  thereafter.  The  obtaining  of  one 
or  more  serum  samples  for  analysis  or  storage 
may  also  be  Indicated,  as  may  specific  Im- 
munizations. Periodic  examinations  subse- 
quently, as  well  as  following  any  accidental 
exposure,  may  also  be  wise,  as  may  be  the 
maintenance  by  the  Institution  of  a registry 
of  Individuals  Involved  In  recombinant  DNA 
research. 

The  biohazards  committee  must  be  suffi- 
ciently qualified  through  the  experience  and 
expertise  of  Its  membership  and  the  diver- 
sity of  Its  membership  to  ensure  respect  for 
Its  advice  and  counsel.  Its  membership 
should  Include  individuals  from  the  Institu- 
tion or  consultants,  selected  so  as  to  provide 
a diversity  of  disciplines  relevant  to  recom- 
binant DNA  technology,  biological  safety,  and 
engineering.  Tn  addition  to  possessing  the 
professional  competence  necessary  to  assess 
and  review  specific  activities  and  facilities, 
the  committee  should  possess,  or  have  avail- 
able to  It.  the  competence  to  determine  the 
acceptability  of  Its  findings  In  terms  of  ap- 
plicable laws,  regulations,  standards  of  prac- 
tice, community  attitudes,  and  health  and 
environmental  considerations.  The  commit- 
tee shoud,  therefore,  Include  persons  whose 
concerns  are  In  these  areas. 

Minutes  of  the  meetings  should  be  kept 
and  made  available  for  public  Inspection. 
The  Institution  Is  responsible  for  reporting 
names  of  and  relevant  background  Informa- 
tion on  the  members  of  Its  biohazards  com- 
mittee to  the  NIH. 

In  addition,  each  Institution  In  which  re- 
combinant DNA  research  at  a P3  or  P4  con- 
tainment level  Is  being  conducted  shall  des- 
ignate a biological  safety  officer.  The  safety 
officer,  who  may  be  a member  of  the  Insti- 
tutional biohazards  committee,  shall  be  an- 
swerable to  the  responsible  officer  of  the 
Institution,  and  shall  work  In  close  cooper- 
ation with  the  Institutional  biohazards  com- 
mittee. The  officer's  duties  shall  Include,  but 
not  be  limited  to,  the  following:  (1)  Verify- 
ing that  all  research  personnel  have  been 
adequately  trained  In  good  microbiological 
techniques;  (11)  ensuring  through  periodic 
Inspections  that  laboratory  safety  standards 
are  rigorously  followed;  (111)  Investigating 
all  laboratory  accidents:  (lv)  reviewing  the 
results  of  histories,  physical  examinations, 
and  monitoring  of  laboratory  personnel:  and 
(v)  providing  advice  on  laboratory  security. 

C NIH  initial  review  groups  < study  sec- 
tions)— The  NIH  study  sections,  In  addition 
to  reviewing  the  scientific  merit  of  each 
grant  application  Involving  recombinant 
DNA  molecules,  are  responsible  for ; (1)  Mak- 
ing an  Independent  evaluation  of  the  con- 
tainment levels  required  for  the  proposed 
research  by  these  Guidelines.  (11)  determin- 
ing whether  the  proposed  physical  contain- 
ment safeguards  certified  by  the  Institu- 
tional biohazards  committee  are  adequate, 
(111)  determining  whether  the  proposed  bio- 
logical containment  safeguards  are  ade- 
quate. (lv)  referring  to  the  NIH  Recombi- 
nant DNA  Molecule  Program  Advisory  Com- 
mittee or  the  NIH  Office  of  Recombinant 
DNA  Activities  those  problems  pertaining  to 
assessment  of  biohazards  or  safeguards  de- 
termination that  cannot  be  resolved  by  the 
study  sections. 

The  membership  of  the  study  sections  will 
be  selected  In  the  usual  manner  Biological 
safety  expertise,  however,  will  be  available 
to  the  study  sections  for  consultation  and 
guidance. 

D.  N1R  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee — The  Recombl- 
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nant  DNA  Molecule  Program  Advisory  Com- 
mittee advisee  the  Secretary.  Department  of 
Health.  Education,  and  Welfare;  the  Assist- 
ant Secretary  for  Health.  Department  of 
Health.  Education,  and  Welfare;  and  the 
Director.  National  Institutes  of  Health,  on 
a program  for  the  evaluation  of  potential 
biological  and  ecological  hazards  of  recom- 
binant DNAs.  on  the  development  of  pro- 
cedures which  are  designed  to  prevent  the 
spread  of  such  molecules  within  human  and 
other  populations,  and  on  guidelines  to  be 
followed  by  investigators  working  with  po- 
tentially hazardous  recombinants. 

The  NTH  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee  has  responsibility 
for;  (1)  Recommending  revisions  of  the 
Ouldellnes  to  be  followed  by  Investigators 
working  with  DNA  recombinants.  (U)  re- 
ceiving Information  on  proposed  HV1.  HV3 
< EK2 ) , and  HV3  i EX3)  host- vector  systems, 
determining  whether  the  proposed  systems 
meet  the  established  criteria,  and  recom- 
mending to  the  Director.  NTH.  the  certlflca- 
tion  of  systems  which  meet  the  criteria,  and 
(Ul)  resolving  questions  concerning  poten- 
tial biohazards  and  adequacy  of  contain- 
ment If  the  NTH  Office  of  Recombinant  DNA 
Activities  so  requests. 

The  Committee  shall  have  the  authority 
to  recommend  to  the  Director.  NTH.  exemp- 
tions from  specific  requirements  of  the 
Ouldellnes.  when  such  exemptions  are  Jus- 
tified by  exceptional  circumstances.  For  ex- 
ample. the  committee  may  recommend  ex- 
emptions from  the  containment  require- 
ments of  the  Ouldellnes  for  committee-ap- 
proved rlak-  assessment  studies.  Each  request 
for  such  an  exemption  must  be  accompanied 
by  adequate  documentation,  which  shall  In- 
clude clear  and  convincing  evidence  of  the 
need  for  the  particular  risk -assessment 
study  The  committee  may  also  recommend 
exemptions  for  specific  experiment^  which 
fall  within  the  six  categories  of  "experiments 
that  are  not  to  be  performed  " m making 
such  recommendations  for  exceptions, 
weight  will  be  glyen  both  to  scientific  and 
societal  benefits  and  to  potential  risks. 

E NIH  NTH  staff  has  responsibility  for: 
(1)  Assuring  that  no  NIH  grants  or  contracts 
are  awarded  for  recombinant  DNA  research 
unless  they  (a)  conform  to  these  Ouldellnes. 
(b)  have  been  properly  reviewed  and  recom- 
mended for  approval,  and  (e)  Include  a prop- 
erly executed  Memorandum  of  Understand- 
ing and  Agreement.  (11)  reviewing  and  re- 
sponding to  questions  or  problems  or  reports 
submitted  by  Institutional  biohazards  com- 
mittees or  principal  Investigators,  and  dis- 
seminating findings,  as  appropriate.  (Ul)  re- 
ceiving and  reviewing  applications  for  ap- 
proval to  lower  containment  levels  when  a 
cloned  DNA  recombinant  derived  from  a 
shotgun  experiment  has  been  rigorously 
characterised  and  there  Is  sufficient  evidence 
that  It  Is  free  of  harmful  genes.  (It)  referring 
Items  covered  under  (U)  and  (111)  above  to 
the  NIH  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee,  as  deemed  neces- 
sary. and  (v)  performing  site  Inspections  of 
all  P*  physical  containment  facilities  en- 
gaged In  recombinant  DNA  research,  and  site 
Inspections  at  other  facilities  as  deemed 
necessary 

The  Director.  NTH.  Is  responsible  for  over- 
seeing Implementation  and  for  Judicious  and 
flexible  Interpretation  of  these  Ouldellnes. 

V.  Foothotzs 

' In  general,  recombinant  DNA  formed  be- 
tween segments  of  eukaryotic  viral  DNA  and 
any  eukaryotic  DNA  (viral,  evtrachromo- 
somal)  shall  not  be  excluded  from  these 
Ouldellnes  until  such  time  as  there  Is  more 
Information  about  the  extent  of  naturally 
occurring  recomblnatlonal  events  between 
these  DNAs 


• Biological  safety  cabinets  referred  to  In 
this  section  are  classified  as  Class  I.  Class  II. 
or  Class  III  cabinets.  A Class  I is  a ventilated 
cabinet  for  personnel  protection  having  an 
Inward  flow  of  air  away  from  the  operator. 
The  exhaust  air  from  this  cabinet  Is  filtered 
through  a high  efficiency  or  high  efficiency 
particular  air  ( HEP  A)  filter  before  being 
discharged  to  the  outside  atmosphere.  This 
cabinet  Is  used  In  three  operational  modes; 
(1)  with  an  8-lnch  high  full  width  open 
front.  (3)  with  an  Installed  front  closure 
panel  (having  four  8-lnch  diameter  open- 
ings) without  gloves,  and  (3)  with  an  In- 
stalled front  closure  panel  equipped  with 
arm  length  rubber  gloves.  The  face  velocity 
of  the  Inward  flow  of  air  through  the  full 
width  open  front  Is  73  feet  per  minute  or 
greater.  A Class  II  cabinet  Is  a ventilated 
cabinet  for  personnel  and  product  protec- 
tion having  an  open  front  with  Inward  air 
flow  for  personnel  protection,  and  HEPA 
filtered  mass  recirculated  air  flow  for  product 
protection.  The  cabinet  exhaust  air  Is  filtered 
through  a HEPA  filter.  The  face  velocity  of 
the  Inward  flow  of  air  through  the  full  width 
open  front  is  76  feet  per  minute  or  greater. 
Design  and  performance  specifications  for 
Class  II  cabinets  have  been  adopted  by  the 
National  Sanitation  Foundation.  Ann  Arbor. 
Mich.  A Class  ni  cabinet  Is  a closed  front 
ventilated  cabinet  of  gas  tight  construction 
which  provides  the  highest  level  of  personnel 
protection  of  all  biohazard  safety  cabinets. 
The  Interior  of  the  cabinet  Is  protected  from 
contaminants  exterior  to  the  cabinet.  The 
cabinet  Is  fitted  with  arm  length  rubber 
gloves  and  Is  operated  under  a negative  pres- 
sure of  at  least  0.5  Inches  water  gauge.  All 
supply  air  Is  filtered  through  HEPA  filters. 
Exhaust  air  Is  filtered  through  HEPA  filters 
or  incinerated  before  being  discharged  to  the 
outside  environment. 

• The  terms  "characterized"  and  "free  of 
harmful  genes"  are  unavoidably  vague.  The 
following  types  of  data  should  be  consid- 
ered: (a)  The  absence  of  potentially  harm- 
ful genes  (eg.,  sequences  contained  In  In- 
digenous tumor  viruses  or  sequences  that 
code  for  toxins.  In vaslns.  virulence  factors, 
etc.,  that  might  potentiate  the  pathogenicity 
or  communicability  of  the  vector  and  or  host 
or  be  detrimental  to  humans,  animals  or 
plants);  (b)  the  type(a)  of  genetic  Infor- 
mation on  the  cloned  segment  and  the  nature 
of  transcriptional  and  translation  gene  prod- 
ucts specified;  (c)  the  relationship  between 
the  recovered  and  desired  segment  (eg.,  hy- 
bridization and  restriction  endonuclease 
fragmentation  analysts  where  applicable); 
(d)  the  genetic  stability  of  the  cloned  frag- 
ment: and  (e).  any  alterations  In  the  biologi- 
cal properties  of  the  vector  and  host. 

• We  are  specifically  concerned  with  po- 
tent toxins  which  could  be  produced  by 
acquiring  a single  gene  or  cluster  of  genes. 

■The  containment  requirements  specified 
for  DNA  derived  from  viruses  of  eukaryotes 
were  designed  chiefly  with  two  hypothetical 
risk  mechanisms  In  mind.  The  first  Is  the 
concern  lest  a bacterium  carrying  viral  nu- 
cleic acid  be  able  to  produce  virus  Infec- 
tions; this  Is  most  easily  envisioned  as  oc- 
curring from  delivery  of  the  viral  nucleic 
acid  Into  proximity  with  host  cells.  (Pro- 
duction of  Infectious  virus  within  the  host 
bacterium  appears  to  be  a most  unlikely 
event,  except  possibly  In  the  case  of  the 
smaller  lcosahedral  viruses.  However,  fur- 
ther data  are  needed.)  Obviously,  this  mech- 
anism applies  only  when  the  complete  viral 
genome  Is  present,  and  containment  condi- 
tions are  highest  when  there  Is  a possibility 
that  the  whole  genome  Is  present. 

The  second  hypothectlcal  risk  mechanism 
Is  focused  on  viral  oncogenesis.  The  chief 
component  of  the  model  Is  again  delivery 
of  the  viral  nucleic  acid  to  host  cells,  with 
subsequent  Integration  of  the  viral  DNA 


Into  the  genome  of  h06t  cells  In  some  DNA 
virus  systems,  cell  transformation  can  be 
produced  by  a segment  of  the  viral  genome; 
such  segments  are  from  the  early  region 
of  the  viral  genome,  and  presumably  code 
for  products  which  affect  regulation  of  DNA 
synthesis  or  function.  Genes  coding  for  the 
synthesis  of  virus  capsid  components  have 
not  been  associated  with  oncogenesis.  Con- 
sequently. containment  conditions  for  sub- 
viral  segments  from  DNA  viruses  are  set 
higher  for  gene’  regions  coding  for  nonstruc- 
tural  proteins,  which  are  chiefly  Involved  with 
DNA  synthesis,  than  for  genes  for  virion 
structural  components. 

With  the  exception  of  the  Retroviruses 
(l.e.,  the  family  of  viruses  whose  members 
possess  the  reverse  transcriptase  enzyme,  and 
which  includes  a number  of  oncogenic  viruses 
(Fenner.  F..  Classification  and  Nomenclature 
of  Viruses;  Intervirology.  7:1-116.  1976.)). 
RNA  viruses  have  not  been  Implicated  In 
tumortgenesls.  Further,  the  genes  of  RNA 
viruses  analogous  to  those  of  DNA  viruses 
which  specify  early  functions  and  aonstruc- 
t ural  protein  synthesis  tend  to  be  specific 
for  the  RNA  of  that  virus,  and  are  not 
thought  to  affect  cellular  processes. 

The  concept  of  production  by  the  host 
bacterium  of  a viral  protein  which  would 
act  from  outside  the  cells  as  a carcinogenic 
substance  la  without  experimental  basis. 
Also,  there  la  no  Instance  of  a highly  toxic 
viral  product  Production  of  disease  by  a viral 
Infection  requires  the  functioning  of  the  en- 
tire virus;  there  la  no  basis  for  concern  that 
a eukaryotic  viral  DNA  segment  might  cause 
the  host  bacterium  to  produce  a toxin. 

It  should  be  pointed  out  that  the  concern 
about  risk  from  a microorganism  carrying 
a viral  Insert  la  directed  at  those  species  that 
may  come  In  contact  with  the  host  micro- 
organism. and  is  not  particularly  directed  at 
those  species  that  the  virus  Infects  In  nature. 

• The  DNA  preparation  Is  defined  as  "puri- 
fied" If  the  desired  DNA  represents  at  least 
99  percent  ( w w)  of  the  total  DNA  In  the 
preparation,  provided  that  It  was  verified  by 
more  than  one  procedure. 

r Baculovtruses  which  have  been  registered 
to  date  Include  the  Heliothis  tea  baculovlrus. 
registration  number  11373-17  (Jan.  1976) 
and  the  Orgyia  pseudotsugata  baculovlrus. 
Registration  number  37586-1  (Aug.  1976). 

* The  reason  for  lowering  the  containment 
level  when  this  degree  of  purification  has 
been  obtained  Is  based  on  the  fact  that  <he 
total  number  of  clones  that  must  be  ex- 
amined to  obtain  the  desired  clone  Is 
markedly  reduced.  Thus,  the  probability  of 
cloning  a harmful  gene  could,  for  example, 
be  reduced  by  more  than  HP-fold  when  a 
nonrepetltive  gene  from  mammals  was  being 
sought.  Furthermore,  the  level  of  purity 
specified  here  makes  It  easier  to  establish 
that  the  desired  DNA  does  not  contain  harm- 
ful genes. 

•In  special  circumstances.  In  consultation 
with  the  NTH  Office  of  Recombinant  DNA 
Activities,  an  area  biohazards  committee  may 
be  formed,  composed  of  members  from  the 
Institution  and/or  other  organizations  be- 
yond Its  own  staff,  as  an  alternative  when 
additional  expertise  outside  the  Institution 
Is  needed  for  the  Indicated  reviews. 
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Appendix  A 

PACKAGING  AND  SHIPPING  OF  RECOMBINANT  DNA 
MATERIALS 

A-  Introduction.  Federal  regulations  and 
carrier  tariffs  have  been  promulgated  to  en- 
sure the  safe  transport  of  hazardous  biologi- 
cal materials.  The  NIH  Guidelines  specify 
that  all  recombinant  DNA  materials  will  be 
packaged  and  shipped  In  containers  that 
meet  the  requirements  of  these  regulations 
and  carrier  tariffs. 

B.  Packaging  of  recombinant  DNA  mole- 
cules. Recombinant  DNA  molecules  shall  be 
packaged  to  withstand  leakage  of  contents, 
shocks,  pressure  changes,  and  other  condi- 
tions Incident  to  ordinary  handling  In  trans- 
portation. 

C.  Packaging  of  host  and  vector  organisms 
containing  recombinant  DNA  molecules.  1. 
Volume  less  than  50  ml.  Material  shall  be 
placed  In  a securely  closed,  watertight  con- 
tainer (primary  container  (test  tube,  vial, 
etc.) ) which  shall  be  enclosed  In  a second, 
durable  watertight  container  (secondary  con- 
tainer). Several  primary  containers  may  be 
enclosed  In  a single  secondary  container,  II 
the  total  volume  of  all  the  primary  contain- 
ers so  enclosed  does  not  exceed  50  ml.  The 
space  at  the  top,  bottom,  and  sides  between 
the  primary  and  secondary  containers  shall 
contain  sufficient  nonparticulate  absorbent 
material  to  absorb  the  entire  contents  of  the 
primary  container  (s)  in  case  of  breakage  or 
leakage.  Each  set  of  primary  and  secondary 
containers  shall  then  be  enclosed  In  an  outer 
shipping  container  constructed  of  corrugated 
flberboard,  cardboard,  wood,  or  other  mate- 
rial of  equivalent  strength. 
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If  dry  Ice  Is  used  as  a refrigerant.  It  must  be 
placed  outside  the  secondary  cpntalner(s). 

Descrlptlcns  of  this  packaging  method  are 
given  In  Table  I (see  page  A-7) . 

2.  Volumes  of  50  ml.  or  greater.  Material 
shall  be  placed  In  a securely  closed,  water- 
tight container  (primary  container)  which 
shall  be  enclosed  In  a second,  durable  water- 
tight container  (secondary  container) . Single 
primary  containers  shall  not  contain  more 
than  500  ml.  of  material.  However,  two  or 
more  primary  containers  whose  combined 
volumes  do  not  exceed  500  ml.  may  be  placed 
In  a single  secondary  container.  The  space 
at  the  top,  bottom,  and  sides  between  the 
primary  and  secondary  containers  shall  con- 
tain sufficient  non-partlculate  absorbent  ma- 
terial to  absorb  the  entire  contents  of  the 
primary  container (s)  In  case  of  breakage  or 
leakage.  Each  set  of  primary  and  secondary 
containers  shall  then  be  enclosed  In  an  outer 
shipping  container  constructed  of  corru- 
gated flberboard.  cardboard,  wood,  or  other 
material  of  equivalent  strength.  A shock  ab- 
sorbent material,  in  volume  at  least  equal  to 
that  of  the  absorbent  material  between  the 
primary  and  secondary  containers,  shall  be 
placed  at  the  top,  bottom,  and  sides  between 
the  secondary  container  and  the  outer  ship- 
ping container.  Not  more  than  eight  second- 
ary shipping  containers  may  be  enclosed  In 
a single  outer  shipping  container.  (The  maxi- 
mum amount  of  materials  which  may  be  en- 
closed within  a single  outer  shipping  con- 
tained should  not  exceed  4,000  ml.) 

If  dry  Ice  Is  used  as  a refrigerant.  It  must 
be  placed  outside  the  secondary  contalner(s) . 
If  dry  Ice  Is  used  between  the  secondary  con- 
tainer and  the  outer  shipping  container,  the 
6hock  absorbent  material  shall  be  placed  so 
that  the  secondary  container  does  not  Be- 
come loose  Inside  the  outer  shipping  con- 
tainer as  the  dry  Ice  sublimates. 

Descriptions  of  packages  which  comply 
with  the  regulations  of  the  Department  of 
Transportation  (DOT)  are  given  in  Table  II 
(see  page  A-8). 

D.  Labeling  of  packages  containing  host 
and  vector  organisms  which  contain  recom- 
binant DNA  molecules.  Material  data  forms, 
leters,  and  other  information  Identifying  or 
describing  the  material  should  be  placed 
around  the  outside  of  the  secondary  con- 
tainer. The  label  for  Etlologlc  Agents/Blo- 
medlcal  Material  must  be  affixed  to  the  outer 
shipping  container.  This  label  Is  described 
In  paragraph  (c)  (4)  of  42  CFR  72.25.  In  ad- 
dition, If  the  materials  to  be  shipped  con- 
tain any  portion  of  a plant  pest  (plant  patho- 
gens) which  Is  so  defined  by  the  Department 
of  Agriculture  (USDA),  the  outer  shipping 
container  shall  have  affixed  to  It  the  shipping 
label  furnished  by  the  USDA  as  part  of  the 
General,  Courtesy,  or  Special  Permits  re- 
quired for  research  with  and  shipment  of 
such  agents. 

E.  Additional  shipping  requirements  and 
limitations  for  host  and  vector  organisms 
which  contain  recombinant  DNA  molecules. — 
1.  Domestic  transportation.  Civil  Aeronautics 
Board  Rule  No.  82  (Air  Transport  Association 
Restricted  Articles  Tariff  6-D)  requires  that 
a Shipper’s  Certificate,  depicted  below,  be 
completed  and  affixed  to  all  shipments  which 
bear  the  Etlologlc  Agent/Blomedlcal  Mate- 
rials label  required  under  the  provisions  of 
the  Interstate  Quarantine  regulations  (42 
CFR  72.25(c) ) . The  Certificate  must  be  com- 
pleted in  duplicate  and  affixed  to  the  outer 
shipping  container. 
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ThU  U to  c«rHfy  that  the  cent  ted  of  thU  consignment  >n  properly  classified.  described  by  proper 
•hipping  name  god  ere  packed,  marked  tad  labelled  and  are  la  proper  condition  for  carriage  by  air 
according  to  all  applicable  earlier  and  government  regulation*.  (For  international  shi.mtou  add 
"and  to  the  LATA  Restricted  Artlclaa  Regulations".!  Thlj  consignment  is  eilhla  the  limitation* 
prescribed  far;  PASSENGER  AIRCRAFT  CARGO  ONLY  (croee  out  aoneppli  cable). 


Number  of 

Package* 

Specify  Each  Article  Separately 
(Proper  Shipping  Nasal 

Classification 

Nat  Quantity 
per  Packets 

ETIOLOGJC  AGENT,  ilox 

ETIO.  AG. 

Shipper 


Date 


tSigaatura  of  Shlppart 


Shipment*  of  material*  exceeding  50  ml  in 
volume  are  restricted,  by  DOT  regulation*,  to 
transport  by  cargo  only  aircraft.  When  the 
volume  of  a single  primary  container  exceeds 
the  50  ml  limitation,  this  restriction  must 
be  Indicated  on  the  Shipper  s Certificate  by 
crossing  out  "F>assenger  Aircraft." 

When  dry  Ice  Is  used  as  a refrigerant  an 
"ORA — Oroup  A — Dry  lea  Label”  should  be 
affixed  to  the  outer  shipping  container  The 
amount  of  dry  Ice  used  and  the  date  packed 
should  be  designated  on  the  label. 

Z International  transportation  In  addi- 
tion to  the  packaging  and  labeling  require- 
ments of  the  regulations  previously  cited,  in- 
ternational shipment*  of  these  material* 


must  have  one  or  more  of  the  following  doc- 
uments— depending  on  the  country  of  des- 
tination: 

111  Parcel  Poet  Customs  Declaration  (PS 
29661  tag. 

I2|  Parcel  Post  Customs  Declaration  (PS 
2966- A)  label. 

(3)  International  Parcel  Post — Instruc- 
tions Olven  by  Sender  IPOD  2922)  label. 

(4)  Dispatch  note  IPOD  2972)  tag. 

(6)  "Violet  Label". 

(6)  Shipper’s  Certificate  specified  In  the 
current  International  Air  Transport  Associa- 
tion Tariff.  Individual  country  requirements 
are  listed  In  “International  Postage  Rates 
and  Pees"  (USPO  Publication  61). 


a 


USU  I 

Beaerlptlae  of  faekagta  far  Material  la  Velma  ltaa  the*  SO  *1. 


Values 

frlaary 

Saeendary 

Outer  Shipping  d/ 

t»l) 

Cwulttr 

ONtalur 

Packing 

Coft«ln»r 

15 

Staled  vial (a)  or  snail 

•/ 

Kttal  eon  1"  ■ 7" 

Mon# 

Flberbody;  rctal  aercu 

■u. 

|ln«  mt  Cubt * oerev  cop* 

or  atoppar,  taped 

0.0.  Ntil  oertv  cap 

Pc; viced 

cap*  top  end  bottoa; 
1-1/2"  dies,  x 7 to 
7-1/2*  0.1*. 

so 

One  70  a ISO  no  taat  tuba, 

•/ 

Maul  can  7-1/7*  dlaa. 

Mooe 

Flberbody;  xctal  acrev 

•r 

lCM 

topad*  atopptr  or  aultlplo 
••all  flail 

* 4-1/2"  high  O.D.  oertv 

acquired 

cap,  top  ond  bottoa; 
3-1/4*  din.  x 7 to 
7-1/2"  O.D. 

54 

flattie*  icrov  cap*  bottla 

t / 

Mettl  ean  7-1/7*  dlaa.  n 

Mono 

Flbvrbody;  total  acrov 

or 

ltta 

or  fym  |U«a  vltb  aklrc 
rubber  atoppar 

6-1/2"  high  0.0.  ocrav 
cap 

koqutrod 

cap,  top  i.nd  bottoa; 
3-1/4"  4 tax.  x 7 to 
7-1/2"  O.D. 

50 

or 

ltaa 

Multiple  vatartltht  viol* 
or  * tubet,  taped  otoppero 

4/ 

One  or  aort  frtcetoo- 
•aol  t 1a  cono  b/  304  x 400 
or  larftr 

el 

Fibcrboaril  box 

•Tba  flexibility  at  the  pla.tle  bottle  require.  that  a etepper  or  aortv  cap  ba  accural  la  plaea  by  edhcplva  tape.  The  uaual  equlvtlent-elte  glapp 
flat-algeg  praacrlptlon  beetle  la  coo  fragile  for  uaa.  Tor  air  tranaport,  all  atoppara,  corha,  an*  cape  on  primary  container*  auac  ba  accord  In 
place  vlt.1  vlre.  tape,  or  otber  naan,  an*  all  ecrcv-eapped  container*  of  unfroten  liqulJ  euet  be  place*  In  5 or  t all  polyvinyl  tubing  heat-sealed 
at  bath  **it  to  prevent  ataeapbcrlc  gaconprcaaloa  that  =ay  raault  la  leakage  part  the  acrew  cap, 

O.S.  • outside  dimensions, 

j/  Saapartlculata  absorbent  aatarlal  at  top,  bottoa  an*  alias  that  will  completely  absorb  contests  of  the  prlaary  contalntrfa), 

b/  410  a 700  an*  10*  a 134  are  tra*a  designations  for  outside  Slaensleae  of  4-10/14  lnchca  *laeecer  a 7-0/14’  height,  an*  0-1/14’  a 9-8/16”. 

e / (on*  required,  bat  with  the  306  a 400  cant  or  larger  cane  nan  sufficient  nonpattieulata  abock-abaorbenc  aatarlal  to  prevent  rattling. 

£/  If  astarlala  era  c*  ba  refrigerate*.  It  la  rceoaaenic*  that  an  overpack  be  use*  to  contain  the  refrigerant  an*  the  aceure*  (original)  outer 
shipping  container.  A leak  proof  outer  container  euet  be  uee*  for  water  Ice.  If  *rp  Ice  la  uaa*  the  outer  container  nuet  pernlt  release  of 
carbon  atail**,  Interior  purports  *uat  ba  provide*  to  hoi*  tha  contalnar(s)  In  th*  original  poaltlon(a)  after  wac  or  dry  lea  has  dltalpated. 
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a 


a 

n> 


TMLtir 

•ucfl.tlm  *f  htb(n  lor  Kat.rl.l  In  V.lur..  of  M *1  or  (tutir 


Volua* 

-i*U_ 

frlmary 
Cent* In* r 

Pecking 

Secondary 

Container 

P nr  1»  Ing 

With  Without 

Vyft  Irsrnnt  Uefrlyrrant 

Outer  Chipping 
with 

Refr Iterant 

Container 

without 
9u( rlgrrnnr 

31  to 
100  »1 

flattie*  or  Pyrex 
glai*  uerev  cop* 
bottle;  rubbur  or 
•klrt  rubber 
otopptr,  toped* 

i/ 

CnnaJuto  ol  wMl  con- 
tainer L outur  cnntoiimr 
■ pec tried  In  Table  HI 

Styrofon*  box  shock*' 
tbiorbtnt  Insulation 

Si 

Plb«rboarJ  tax  closely 
fitting  tbo  aiyr.iluJM 
box,  taped  aliui 

Corrugated  fitter* 
board  or  cardboard 
box*  taped  abut 

100 

Ul. 

Ono  100  ul  plastic* 

te row  cop*  narrow 

tick  buttle  or 
I’yrux  claim*  taped* 

t) 

Vo*  3 crlop  seal  tin  can 
404  v 700  or  a 1-gallon 
frletlnn-ncol  tin  can* 

610  x 70H*  tup  ooldervd 
or  clipped  ot  4 point*  £/ 

Siyv.*r<t*«  box  shuck- 
nbeurbi/nt  lnmil.it Ion 

Si 

Plberboard  box  clocely 
fitting  the  ttyrofu.ue 
box,  taped  ehut 

V3C  cardboard  box 
P53  type.  9-3/16“ 
x 9-3/ 16"  x 11-1/4** 
high  O.U.  toped 
shut  with  3"  type 
PS3  tupo 

200 

MX* 

Two  JU0  »1  plantlc* 
sow  cop*  buttles 
or  I’yrtix  gloeu,  taped 

£/ 

Mo.  3 crlwp  eeal  ttn  can 
404  v 700  or  a l-golton 
f rlctlonacul  tin  can* 

610  m 10H,  lop  Moli'.urod 
or  cllppod  ot  4 point*  hj 

Ctyrofonw  box  *lu»ck- 
/ihuorbt'iii  Insulation 

1/ 

Plberboard  box  closely 
f lit  lng  Clio  ut yrofoja 
box,  toped  abut 

V3C  cardboard  box 
PS)  type,  3-3/16“ 
x 9-3/16“  x 11-1/4- 
hlfch  O.U.  taped 
shut  with  3“  typu 
PS)  taps 

250 

MX. 

One  230  »1*  pleetlc* 
narrow  couth  screw 
enp*  bottle  or  Pyrax 
glu«M  skirted  rubber 
utupper,  topod* 

t) 

Ho.  3 e ? l iip  Meal  tin  can 
404  x 700  or  a 1-gallon 
frict lon-aonl  tin  can* 

610  x /till * tup  soldered  or 
clipped  at  4 point*  h/ 

bl/rufom  box  ohock- 
al'xurhunt  liibul.it  lun 

Si 

Plberboard  box  closely 
fitting  the  ■lyru/uau 
box,  taped  abut 

VIC  cardboard  box 
P5)  type,  9-3/16“ 
x 9-3/16“  x 11-1/4" 

high  O.U.  taped 
•hut  with  1“  typo 
rsi  t.ipu 

300 

MR. 

Two  230  cl  plantlc* 
oervw  cep*  bottlua 
or  1'yrwx  glaua  bottle** 
taped* 

a) 

frlcl lun-oru)  tin 
can,  M04  x 9011*  tup 
aoldcrcl  or  clipped  Ot  6 
point*  y 

Hlytnln.iM  Imix  t.linrk- 
iil.iiurbeiit  tiiuul.il  luu 

tl 

Film  i board  box  eloNtly 
fitting  tba  ■lyroluau 
box*  taped  shut 

VIC  c*di«lbr.if d box 
12-1/4“  ■ 12-1/4" 
x 10-1/16“  hi xJi 
O.U.  taped  nti ut 
with  3“  wldo  Is) 
tape. 

300 

MX* 

500  nl  Pyrux  glue 
buttle,  rubbor-eklrt 
■topper*  tuprd.  or 
3U0  »l  ploutlc* 
bottlw*  narrow  or 
wide  ••outli*  acrcw 
cap**  topud 

£/ 

Hit.  1?  crlnp  Real  tin  can 
601  r A J 0 2-gnlluu  frlctlon- 
bfral  tin  can,  M04  m 90S, 
top  noldfrvd  or  dipped  at 
4 point*  y 

Mrytuf.i.iu  l..ix  tiliork- 
whuurbviit  ln«ul at  Ion 

Si 

Plberboard  box  closely 
lilting  tho  atyroloeo 
box,  toped  abut 

V3C  i-jrdboarJ  bux 
12-1/6"  x 12-1/4" 
x 10-3/16"  high 
O.U.  topee  ehut 
with  3"  wide  !•«) 
tape.  Vo r die  H.» 
can  o cartlbnard 
box  la  ok  taped 

•taut 

— Till/  MavIMlIly  uf  tkv  pla.tl.  but!!*  r.'iuir.tf  time  u gtl'i'l'.r  or  «t-rc*u  cup  bo  .rcur.ii  In  plnro  by  adlia.lvo  tope.  Tlio  ulual  «'lt.lv.l«nt-.Uu  y,la;l :l 
fl.l-aliJvi)  prescript  ton  lottlo  la  too  fr.cllv  for  unu.  lur  ulr  tratiopurt,  u II  .tujipurv,  otrkv,  and  -npv  on  primary  contatnara  fiuat  ba  eocurcil  In 
placv  with  wire,  Idfiv,  or  ullior  naan.,  and  all  iicruw-ciip|»'il  rontnlnerM  ,,f  unfrozen  liquid  must  liu  plated  In  ) or  6 nil  polyvinyl  tuMni;  liuat-.clud 
ut  built  tnda  tu  prvvcnt  utmocpharlc  ducunpivaslun  Hut  nay  ra null  In  Ivakano  punt  tlio  nervw  cup. 

0.  U • uutaldv  dlrcnnliina. 

o)  Honparllrulnto  abaorbent  eut.rlul  at  top,  button  and  aide.  tbnt  will  cunplutoly  obunrb  contonta  of  tlio  primary  contalncrfa). 

b/  610  a 706  and  Ui'4  a POP  uro  trade  dcalon.it Inna  for  outuldc  iMbh'IiuJuii.  ul  6-10/16  hirlivii  dlanurur  a 7-11/16"  lididit,  and  b-a/16"  a 9-6/16". 

rj  Chork  abaoil.vnt  naturl.il,  In  vnlumc  nr  leant  aqual  to  tliat  betirrcn  tlio  prliutry  unit  aurni.Jory  contalncrfa) , at  tlio  tnp,  bottom,  and  alduw  botouun 
tlio  ovcondary  container  and  tlio  outer  ublpplnr,  cnntnlnor.  Tlio  uliock  nbaurbont  mntorlal  utiiil]  bo  m placed  that  tlia  noenndary  rontnlnur (c)  doeo 
not  bacon.  louca  lnsldo  tin-  outer  .hipping  eontnlnrr  an  the  watur  let  or  dry  lea  la  dlnulpatcd. 


Appendix  B 

Glabsitication  op  Microorganisms  on  the 
Basib  op  Hazard 

l.  Classification  of  Etlologlc  Agents  on  the 
Baste  of  Hazard  ( 1 ) 

A.  Class  1 agents 

All  bacterial,  parasitic,  fungal,  viral,  rick- 
ettsial and  chlamydial  agents  not  In- 
cluded In  higher  classes. 

B.  Class  2 agents 

1.  Bacterial  agents: 

Actlnobacillus — all  species  except  A.  mallet, 
which  Is  In  Class  3. 

Arizona  htnshawti — all  serotypes. 

Bacillus  anthracis. 

Bordetella — all  species. 

Borrelta  recurrence,  B.  vtneentt. 

Clostridium  botulinum,  Cl.  chauvoet,  Cl. 
haemolytlcum,  Cl.  histolgticum,  Cl.  novyt. 
Cl.  septicum,  Cl.  tetani. 

Coryncbactcrlum  dipthertae,  C.  equt,  C. 
haemolytlcum,  C.  pseudotuberculosis,  C. 
pyogenes,  C renale. 

Diplococcus  ( Streptococcus ) pneumoniae. 
F.ryslpelothrix  insldiosa. 

Escherichia  coli — all  enteropathogcnlc  sero- 
types, 

Haemophilus  ducreyi,  H.  influenzae. 

Herellea  vaginicola. 


Klebsiella — all  species  and  all  serotypes. 
Leptospira  interrogans — all  serotypes. 

Listeria — all  species. 

Mima  polymorpha. 

Moraxella — all  species. 

Mycobacteria — all  species  except  those  listed 
In  Class  3. 

Mycoplasma — all  species  except  Mycoplasma 
mycoides  and  Mycoplasma  agalactlae, 
which  are  In  Class  5. 

Neisseria  gorwrrhoeae,  N.  meningitidis. 
Pasteurclla — all  species  except  those  listed 
In  Class  3. 

Salmonella — all  species  and  all  serotypes. 
Shigella — all  species  and  all  serotypes. 
Sphucrophorus  necrophorus. 

Staphylococcus  aureus. 

Streptobacillus  moniliformis. 

Streptococcus  pyogenes. 

Treponema  carateum,  T.  pallidum,  and  T. 
pertenue. 

Vibrio  fetus,  V.  comma,  Including  blotype  El 
Tor,  and  V.  parahemolyticus. 

2.  Fungal  agents: 

Actlnomycetes  (Including  Nocardl a species 
and  Actinomyces  species  and  Arachnla 
propionica) . 

Blastomyces  dermatitidis. 

Cryptococcus  neoformans. 

Paracoccidioides  brasiliensls. 

3.  Parasitic  agents: 

Endamoeba  histolytica. 


Lelshmanla  sp. 

Naeglerla  gruberl. 

Toxoplasma  gondii. 

Toxocara  canis. 

Trichinella  spiralis. 

Trypanosoma  cruzi. 

4.  Viral,  rickettsial,  and  chlamydial  agents: 
Adenoviruses — human — all  types. 

Cache  Valley  virus. 

Coxsackie  A and  B viruses. 
Cytomegaloviruses. 

Echoviruses — all  types. 

Encephalomyocardltis  virus  (EMC). 

Flanders  virus. 

Hart  Parle  virus. 

Hepatitis-associated  antigen  material. 

Herpes  viruses — except  Herpesvirus  simiae 
(Monkey  B virus)  which  la  In  Class  4. 
Corona  virusei. 

Influenza  viruses — all  types  except  A/PR8/ 
34,  which  Is  In  Class  1. 

Langet  virus. 

Lymphogranuloma  venereum  agent. 

Measles  virus. 

Mumps  virus. 

Parainfluenza  virus — all  types  except  Parain- 
fluenza virus  3,  8F4  strain,  which  Is  In 
Class  1. 

Polioviruses — all  types,  wild  and  attenuated. 
Poxviruses — all  types  except  Alastrium, 
Smallpox,  Monkey  pox,  and  Whitepox, 
which,  depending  on  experiments,  are  In 
Class  3 or  Class  4. 
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Rabies  viru s — all  strains  except  Rabtes  street 
pints,  which  should  be  classified  in  Class 
• when  Inoculated  Into  carnivores 
Reodruxe* — all  types 
Respiratory  syncytial  virus 
Rhinovlruses — all  types. 

Rubella  pints. 

Simian  pi  ruses — all  types  except  Herpesvirus 
simiae  i Monkey  B virus)  and  Marburg 
virus,  which  are  In  Class  4 
Sindblts  virus. 

Tensaic  pints. 

Turlock  pints 
Vaccinia  pints. 

Varicella  virus. 

Vole  rickettsia 

Yellow  /ever  virus,  17D  vaccine  strain. 

C.  Class'  J agents 
1.  Bacterial  agents: 

Actino  bacillus  mallei.* 

Bartonella — all  species. 

Brucella — all  species 
Francisella  tularensis. 

Mycobacterium  a Pirn.  M bovis.  M tubercu- 
losis 

Pasteurella  multocide  type  B ("buffalo"  and 
other  foreign  virulent  strains*). 
Pseudomonas  pseudo  mallei* 

Yer tenia  pestis 
3-  Fungal  agents: 

Coccidioides  Immitis 
Histoplasma  capsulatum. 

Histoplasma  capsulatum  var.  dubotsii 
3 Parasitic  agents  Schistosoma  mansonl 
4.  Viral,  rickettsial,  and  chlamydial  agents: 
A las  trim.  Smallpox.  Monkey  par.  and  While- 
par.  when  used  in  pitro. 

Arboviruses — all  strains  sxcept  those  In  Clara 
3 and  4 (Arboviruses  Indigenous  to  the 
United  States  are  In  Class  3.  except  those 
listed  In  Class  a West  Nile  and  Semltki 
Forest  viruses  may  be  classified  up  or 
down,  depending  on  the  conditions  of  use 
and  geographical  location  of  the  labora- 
tory). 

Dengue  virus,  when  used  for  transmission  or 
animal  Inoculation  experiments. 
Lymphocytic  chorimeningitis  virus  (LCM) 
Psittocosis-Ornithosis-Trachoma  group  of 

agents 

Rabies  street  virus,  when  used  In  Inocula- 
tions of  carnlvorm  (8ee  Clara  a). 

Rickettsia — all  spectra  sxcept  Vole  rickettsia 
when  used  for  transmission  or  animal  In- 
oculation experiments. 

Vesicular  stomatitis  virus.* 

Yellow  /ever  virus — wild,  when  used  In  vitro. 


* USDA  permit  also  required  for  Import 
or  Interstate  transport. 


D.  Class  4 agents 

1.  Bacterial  agents:  None, 
a.  Fungal  agents:  None. 

3 Parasitic  agents:  None. 

4.  Viral,  rickettsial,  and  chlamydial  agents: 

Alastrim.  Smallpox,  Monkey  pox.  and  White- 
par.  when  used  for  transmission  or  animal 
Inoculation  experiments. 

Hemorrhagic  /ever  agents,  Including  Crimean 
hemorrhagic  /ever  (Congo).  Junln,  and 
Muchupo  viruses,  and  others  as  yet  unde- 
fined 

Herpesvirus  simiae  (Monkey  B virus) . 

Lassa  virus. 

Marburg  virus. 

Tick- borne  encephalitis  virus  complex,  In- 
cluding Russian  spring-summer  encepha- 
litis. Kyasanur  forest  disease.  Omsk  hemor- 
rhagic /ever,  and  Central  European  en- 
cephalitis viruses. 

Venesuelan  equine  encephalitis  virus,  epi- 
demic strains,  when  used  for  transmission 
or  animal  Inoculation  experiments. 

Yellow  /ever  virus — wild,  when  used  for 
transmission  or  animal  Inoculation  ex- 
periments 

II.  Classification  o/  Oncogenic  Viruses  on  the 
Basis  o/  Potential  Hazard  ( i ) 

A.  Low  risk  oncogenic  viruses 

Rous  Sarcoma. 

SV-40 

OSLO 

A7-8V40, 

Polyoma. 

Bovine  papilloma. 

Rat  mammary  tumor. 

Avian  Leukosis. 

Murine  Leukemia. 

Murine  Sarcoma. 

Mouse  mammary  tumor. 

Rat  Leukemia 
Hamster  Leukemia. 

Bovine  Leukemia. 

Dog  Sarcoma 

Maaon-Pflxer  Monkey  Virus. 

Merck's. 

Guinea  pig  Herpes 
Lucks  (Prog) . 

Adenovirus. 

Shops  Fibroma. 

Shops  Papilloma. 

B Moderate  risk  oncogenic  viruses 
Ad3-SV40. 

FeLV 

HV  Salmtrt 
EBV. 

SSV-l. 

OaLV. 

HV  atelea. 


Vaba. 

FeSV. 

III.  Animal  Pathogens  ( 3 ) 

A.  Animal  disease  organisms  which  are  for- 
bidden entry  into  the  United  States  by 
law  (CDC  Class  S agent ) 

1.  Foot  and  mouth  disease  virus. 

B Animal  disease  organisms  and  vectors 
which  are  forbidden  entry  info  the 
United  States  by  USDA  Policy  ( CDC  Class 
5 agents) 

African  horse  sickness  virus. 

African  swine  fever  virus. 

Besnoitia  besnoiti. 

Borne  disease  virus. 

Bovine  Infectious  petechial  fever. 

Camel  pox  virus. 

Ephemeral  fever  virus. 

Fowl  plague  virus. 

Ooat  pox  virus. 

Hog  cholera  virus. 

Louplrtg  111  virus. 

Lumpy  skin  disease  virus. 

Nairobi  sheep  discuss  virus. 

Newcastle  disease  virus  (Asiatic  strains). 
Mycoplasma  mycoides  (contagious  bovine 
pleuropneumonia) . 

Mycoplasma  agalactlae  (contagious  agalac- 
tia of  sheep) . 

Rickettsia  ruminafium  (heart  water). 

Rift  valley  faver  virus. 

Rinderpest  virus. 

Sheep  pox  virus 
8 wine  vesicular  disease  virus. 

Teschen  disease  virus. 

Trypanosoma  door  ( Nag  ana) . 

Trypanosoma  ei’ansi. 

Thelleria  parva  ( East  Coast  fever) . 

Theileria  annulafa. 

Theileria  lawrence i. 

Thelleria  bovis. 

Theileria  hirci. 

Vesicular  exanthema  virus. 

Weaselsbron  disease  virus. 

Zyonema  /arciminosum  (pseudofarcy.) 

Rotsences 

1 Classification  o/  Stiologic  Agents  on  the 
BaJi#  of  Hazard  (4th  Edition.  July  1974). 
U.8  Department  of  Health,  Education,  and 
Welfare  Public  Health  Service.  Center  for 
Disease  Control.  Office  of  Biosafety.  Atlanta. 
Oeorgla  30333 

2 National  Cancer  Institute  Safety  Stand- 
ards /or  Research  Involving  Oncogenic  Vi- 
ruses (October  1974).  U.8.  Department  of 
Health.  Education,  and  Welfare  Publication 
No  (NIH)  78-790. 

8.  0 8 Department  of  Agriculture,  Animal 
and  Plant  Health  Inspection  Service. 

(FR  Doc.77-37849  Filed  9-30-77,8:48  am) 


[177] 


DEPARTMENT  OF  HEALTH,  EDUCATION,  AND  WELFARE 

PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OF  HEALTH 
BETHESDA.  MARYLAND  20014 

November  15,  1977 


SEE  ATTACHED  LIST  OF  ADDRESSES: 

I am  writing  to  confirm  that  the  meeting  of  the  Advisory  Committee  to 
the  Director,  NIH,  will  be  held  on  December  15  and  16,  1977,  at  the 
National  Institutes  of  Health,  Building  31,  Conference  Room  6C.  The 
meeting  will  Lake  place  from  9 a.m.  to  9 p.m.  on  December  15  and  from 
9 a.m.  to  5 p.m.  on  December  16. 

As  Dr.  Fredrickson  informed  you  at  the  last  Interagency  Committee 
meeting,  the  purpose  of  the  Director's  Advisory  Committee  meeting  will 
be  to  consider  the  proposed  revisions  to  the  Guidelines  for  Recombinant 
DNA  Research  conducted  and  supported  by  the  NIH.  A number  of  special 
consultants  have  been  added  to  the  Committee  for  purposes  of  review, 
and  a number  of  selected  witnesses  have  been  invited  to  testify  on  the 
proposed  revisions.  Many  of  you  have  been  helpful  in  selecting  witnesses 
from  the  environmental,  industrial,  and  labor  communities.  A special 
section  of  the  conference  room  will  be  reserved  for  members  of  the  Inter- 
agency Committee.  Because  of  space  limitations  to  accommodate  witnesses 
d other  Committee  and  governmental  representatives,  the  proceedings 
<_an  be  monitored  via  closed-circuit  television  in  an  adjoining  conference 
room  if  other  members  of  your  agency  wish  to  observe. 

Dr.  Charles  R.  McCarthy,  a member  of  my  staff  who  serves  as  Executive 
Secretary  for  the  Advisory  Committee,  will  provide  you  with  relevant 
documents  on  the  nature  of  the  meeting.  If  you  have  questions  about 
the  ■ eting,  please  feel  free  to  call  Dr.  McCarthy  or  his  secretary, 

Ms.  Roberta  Garfinkle,  on  (301)  496-1480. 

Enclosed  is  a copy  of  the  newly  published  Environmental  Impact  Statement 
on  NIH  Guidelines  for  Research  Involving  Recombinant  DNA  Molecules . 

I look  forward  to  seeing  you  at  the  meeting. 

Sincerely  yours, 

/s/ 


Enclosure 


Joseph  G.  Perpich,  M.D.,  J.D. 
Associate  Director  for  Program 
Planning  and  Evaluation 
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DEPARTMENT  OF  HEALTH.  EDUCATION.  AND  WELFARE 

PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OF  HEALTH 
BETHESDA.  MARYLAND  20014 

November  30,  1977 


[See  list  of  invited  witnesses  on  page  xvi  of  Summary  Minutes.] 


Dear  Dr. 

I am  pleased  that  you  have  accepted  my  invitation  to  serve  as  a witness 
in  providing  testimony  at  the  special  meeting  of  the  Advisory  Committee 
to  the  Director,  NIH,  on  December  15-16,  1977.  The  Committee  will 
convene  at  9:00  a.m.,  December  15,  in  conference  room  6C,  building  31, 
on  the  NIH  campus,  Bethesda,  Maryland. 

The  purpose  of  the  meeting  is  to  provide  a forum  for  public  review  and 
comment  on  the  proposed  changes  to  the  Guidelines  which  set  conditions 
under  which  recombinant  DNA  molecule  research  may  be  conducted  or 
supported  by  the  National  Institutes  of  Health.  The  proposed  Guidelines 
have  been  submitted  to  me  in  the  form  of  a recommendation  for  action 
by  the  NIH  Recombinant  DNA  Molecule  Research  Advisory  Committee. 
Before  taking  action  on  this  recommendation,  I am  anxious  to  receive 
comments  from  as  many  segments  of  society  as  possible. 

In  February  1976,  when  the  original  Guidelines  were  proposed,  the 
Director's  Advisory  Committee  heard  testimony  from  many  witnesses. 
Having  heard  the  testimony,  the  members  of  the  Committee  offered  both 
oral  and  written  comments  which  were  carefully  considered  before  the 
Guidelines  were  promulgated  in  July  of  1976. 

A similar  procedure  will  be  followed  for  consideration  of  the  proposed 
changes  in  the  Guidelines.  The  Director's  Committee  will  hear  many 
points  of  view  expressed  by  witnesses  recommended  by  organizations 
and  associations  known  to  be  concerned  about  recombinant  DNA 
research.  The  invited  witnesses  represent  science,  industry,  the 
environment,  labor  and  agriculture.  Enclosed  is  a list  of  invited 
witnesses.  You  may  wish  to  contact  other  witnesses  in  order  to 
coordinate  your  comments. 

In  addition  to  invited  witnesses,  other  witnesses  who  wish  to  comment 
on  the  proposed  revisions  to  the  Guidelines  will  be  given  reasonable 
opportunity  to  do  so. 
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Also  enclosed  is  a copy  of  the  current  Guidelines,  a copy  of  the  proposed 
revised  Guidelines,  a background  paper  on  the  proposed  revision  of  the 
Guidelines,  a roster  of  the  Committee,  an  agenda  for  the  meeting  and 
the  Environmental  Impact  Statement. 

You  will  notice  that  the  agenda  is  structured  to  allow  comments  on  each 
section  of  the  proposed  revisions;  however,  it  is  not  necessary  for  you 
to  comment  on  every  section.  When  you  have  decided  which  sections 
you  would  like  to  address,  please  notify  Dr.  Charles  McCarthy,  Execu- 
tive Secretary  of  the  Committee,  so  that  we  can  schedule  your  remarks. 

Dr.  McCarthy  can  be  reached  at  (301)  496-1480,  or  National  Institutes  of 
Health,  Building  1,  Room  201,  Bethesda,  Maryland  20014. 

Your  travel  expenses  will  be  provided  under  a personal  services  contract. 
Ms.  Roberta  Garfinkle  will  handle  the  necessary  arrangements  for  the 
meeting  including  hotel  reservations.  She  can  be  reached  at  (301)  496-1480. 


Let  me  say  again  that  I appreciate  your  cooperation  in  this  important 
matter. 


Sincerely  yours. 


/s/ 


Enclosures 


Donald  S.  Fredrickson,  M.  D. 
Director 


Summary  Minutes  of  Director’s  Advisory  Committee  Meeting 

PREFACE 

In  September  1977,  the  National  Institutes  of  Health  published 
in  the  Federal  Register  a proposed  revision  of  the  NIH  Guidelines 
for  Research  Involving  Recombinant  DNA  Molecules,  which  have  been  in 
effect  since  June  1976.  A public  meeting  to  provide  a forum  for  review 
of  proposed  changes  in  the  Guidelines  was  held  at  NIH  December  15  and 
16,  1977.  Dr.  Donald  Fredrickson,  NIH  Director,  presented  the  proposed 
Guidelines  for  comment  both  by  members  of  his  Advisory  Conmittee  and 
by  invited  and  public  witnesses  from  the  areas  of  environmental,  com- 
merical,  organized  labor,  scientific  and  the  public  interest. 

Vftien  the  original  Guidelines  were  proposed  in  February  1976,  the 
Director's  Advisory  Committee  heard  testimony  from  many  witnesses. 

Dr.  Fredrickson  and  his  staff  carefully  considered  the  testimony  and 
other  comments  before  the  Guidelines  were  promulgated  on  July  1976. 

A similar  procedure  will  be  followed  in  considering  proposed  changes 
in  the  Guidelines,  with  Advisory  Committee  members  being  asked  to 
set  down  their  views  in  writing  and  submit  them  to  Dr.  Fredrickson 
by  January  16,  1978. 

Hiis  supplemental  issue  contains  the  summary  minutes  of  the 
December  15-16  meeting.  It  also  includes  a background  document  prepared 
to  assist  the  Advisory  Corranittee  and  others  whose  advice  the  Director 
will  seek  before  making  a final  decision. 

Hie  background  document  is  in  two  parts.  Part  A was  prepared  by 
the  Office  of  the  Director,  NIH;  Part  B,  by  the  Recombinant  DNA  Molecule 
Program!  Advisory  Committee,  the  expert  group  that  drafted  the  original 
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Guidelines  and  the  proposed  revision.  Both  parts  are  designed  to 
explain  the  major  proposed  changes. 

Part  A is  purely  descriptive — that  is,  not  a rationale  or  justi- 
fication. It  is  a general  explanation  addressed  primarily  to  laymen. 
The  organization  of  material  approximates  but  does  not  exactly  match 
that  of  the  Guidelines. 

The  table  of  comparison  beginning  on  page  13,  prepared  by  the  NIH 
Office  of  Recombinant  DMA  Activities,  serves  both  parts.  It  is 
the  only  table  to  which  Part  A or  B refers. 

Part  B is  a detailed  rationale  for  the  proposed  changes.  Its 
organization  parallels  that  of  the  Guidelines.  It  is  more  technical 
and  comprehensive  than  Part  A,  justifying  as  well  as  describing 
the  revisions. 

It  must  be  pointed  out  that  neither  part  of  this  document  is 
intended  to  be  comprehensive.  For  specifics,  the  reader  is  referred 
to  the  present  NIH  Guidelines  and  the  Proposed  Revised  Guidelines, 
published  in  the  Federal  Register  of  July  7,  1976,  and  September  27, 
1977,  respectively. 

The  present  document  addresses  only  the  changes  proposed  in  the 
Federal  Register.  These  and  other  suggested  revisions  were  considered 
at  the  public  meeting  of  the  Advisory  Committee  to  the  Director,  NIH, 
held  on  December  15  and  16  at  the  National  Institutes  of  Health. 
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SUMMARY  MINUTES  OF 

DIRECTOR'S  ADVISORY  COMMITTEE  MEETING 
DECEMBER  15-16,  1977 

Introduction  to  the  Meeting 

Dr.  Donald  Fredrickson,  Director  of  the  National  Institutes  of 
Health,  opened  the  meeting  with  a brief  prologue.  He  noted  that  the 
Guidelines  for  Recombinant  ONA  Research  were  published  in  June  1976, 
the  draft  Environmental  Impact  Statement  in  September  1976,  and  the 
fined  Environmental  Impact  Statement  in  November  1977.  Dr.  Fredrickson 
pointed  out  that  the  Guidelines  were  constructed  in  response  to  con- 
cerns about  the  possible  hazards  of  recombinant  DNA  research.  He 
added  that  this  area  of  science  is  rapidly  evolving  with  new  infor- 
mation continuously  coming  to  light,  me  Guidelines  would  need  to  be 
a living  document  in  order  to  respond. 

Dr.  Fredrickson  stated  that  NIH  has  taken  seriously  the  duty  to 
preserve  due  process  and  to  provide  for  public  participation  in  the 
first  revision  of  the  Guidelines.  me  proposed  revised  Guidelines 
have  been  published  in  the  Federal  Register  and  the  NIH  Recombinant 
Technical  Bulletin  (Fall  1977).  me  revisions  are  based  on  new  scien- 
tific and  administrative  experience.  They  anticipate  the  possibility 
of  legislative  developments.  In  the  absence  of  legislation,  all 
federally  funded  recombinant  DNA  research  is  being  conducted  under  the 
NIH  standards.  Similar  guidelines  exist  in  other  countries  and  many 
national  committees  look  to  the  NIH  for  guidance. 
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Dr.  Fredrickson  continued  by  noting  that  recombinant  DNA 
techniques  and  the  policies  governing  their  use  can  serve  as  a case 
model  for  public  and  scientific  participation  in  developing  national 
and  international  science  policy.  He  reminded  the  audience  that  the 
subject  of  this  meeting  is  the  proposed  revision  of  existing  Guide- 
lines and  its  purpose  is  to  develop  facts  and  opinions  concerning  the 
next  stage  of  development  of  the  Guidelines. 

Dr.  Fredrickson  concluded  his  introduction  by  describing  the 
format  of  the  meeting.  The  review  of  each  relevant  section  would  begin 
with  a short  presentation  by  a member  of  the  Recombinant  DNA  Molecule 
Program  Advisory  Committee  (RAC),  followed  by  comments  from  invited 
witnesses  and  public  witnesses  respectively.  Members  of  the  Advisory 
Committee  to  the  Director,  NIH  (DAC)  would  have  the  opportunity  to 
question  witnesses  in  a frank  and  open  discussion  of  views.  Towards 
the  close  of  the  meeting  each  member  of  the  DAC  would  provide  a brief 
oral  summary  and  then  follow  at  some  future  date  with  more  detailed 
written  comments.  Dr.  Fredrickson  urged  all  interested  participants 
to  submit  comments. 

Introduction  to  the  Proposed  Revised  Guidelines 

Dr.  John  Littlefield  (RAC)  briefly  described  the  Introduction 
to  the  Guidelines.  He  noted  that  the  term  "recombinant  DNA"  had  been 
redefined  and  that  the  members  of  the  RAC  believed  the  new  definition 
to  be  a workable  one.  The  definition  will  exclude  certain  types 
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of  experiments,  particularly  those  in  which  a population  of  naturally 
recombining  DNA  such  as  bacteriophage  T7DNA  or  fragments  of  E.  coli 
DNA  will  be  cloned  in  an  E.  coli_  host.  Dr.  Littlefield  was  followed 
by  Dr.  Maxine  Singer  (NIH)  who  presented  additional  testimony  on  the 
definition  of  recombinant  ENA.  Dr.  Singer  noted  that  neither  the 
current  nor  proposed  revised  Guidelines  provide  any  guidance  on 
containment  levels  for  experiments  that  involve  chemically  synthesized 
DNA.  Dr.  Singer  proposed  wording  for  synthetic  DNA. 

In  the  discussion  that  followed,  Dr.  Fredrickson  again  noted 
that  the  RAC  believed  the  current  definition  to  be  too  inclusive 
and  ignoring  the  phenomena  of  natural  recombination.  The  RAC  therefore 
introduced  the  concept  of  "novel  recombinants."  The  RAC  would  be 
charged  with  the  responsibility  for  development  of  a list  of  exempt- 
tions.  Members  of  the  DAC  agreed  with  the  concept  of  such  a list 
but  expressed  concern  over  the  lack  of  clarity  in  the  term  "normal 
physiological  process." 

The  invited  and  public  witnesses  also  commented  on  the  definition 
of  recombinant  DNA  and  the  distinction  between  novel  and  non-novel 
recombinants.  Ms.  Nancy  Pfund  (Sierra  Club)  asked  what  data  had  been 
used  to  justify  the  revisions  made  in  the  Guidelines.  She  further 
suggested  that  emphasis  be  placed  on  the  concept  of  safety  rather 
than  novelty  in  categorizing  recombinants  and  that  all  publications 
be  required  to  list  the  levels  of  biological  and  physical  containment 
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at  which  the  experiments  were  done.  Dr.  Jonathan  A.  King  (MIT) 
noted  that  very  little  information  has  been  gathered  concerning 
the  incidence  of  laboratory  infection,  particularly  as  a control 
population  for  future  studies  of  laboratories  involved  in  recombinant 
DNA  experimentation.  Dr.  Mary-Dell  Chilton  (University  of  Washington) 
described  her  research  on  crown  gall  tumors  in  plants.  The  tumors 
are  caused  by  bacterial  plasmids  which  can  also  be  induced  to 
grow  in  E.  coli.  Under  the  proposed  Guideliness,  by  one  criterion 
the  cloning  of  this  plasmid  DNA  would  be  eligible  for  the  excluded 
list  of  experiments  but,  by  another,  it  would  not.  She  asked  that 
consideration  be  given  to  resolving  this  disparity. 

Other  comments  were  made  both  about  the  lack  of  clear  and  explicit 
language  in  some  sections  of  the  Guidelines  and  about  their  lack 
of  reference  to  regulation  for  the  private  sector.  Dr.  Ronald  Cape 
(Cetus  Corporation)  indicated  he  favored  passage  of  a law  regulating 
private  and  public  laboratories  with  the  inclusion  of  exemptions 
for  patent  rights  and  trade  secrets. 

Physical  Containment 

Dr.  Emmett  Barkley  (NIH)  described  the  changes  that  had  been  made 
in  the  section  of  the  Guidelines  dealing  with  physical  containment. 

He  pointed  out  that  there  were  no  significant  differences  between  the 
two  versions  except  for  a new  format  for  the  material  and  an  attempt 
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to  harmonize  levels  of  physical  containment  among  the  various 
countries  promulgating  guidelines.  Many  of  the  revisions  were 
based  on  the  outcome  of  a NIH/EMBO  sponsored  workshop  on  containment. 

Dr.  Barkley  indicated  that  three  major  categories  had  been 
developed.  These  included  safer  laboratory  practices,  such  as  employ- 
ment of  standard  microbiological  techniques,  containment  equipment, 
and  special  laboratory  design.  With  regard  to  containment  equip- 
ment, the  P2  level  requires  the  use  of  biological  safety  cabinets 
in  certain  experiments,  the  P3  level  requires  biological  safety  cab- 
inets for  all  experiments,  and  the  P4  level  requires  the  use  of  glove 
boxes.  Special  laboratory  design  at  the  P3  level  requires  access 
control,  directional  air  flow  and  surface  treatment,  and  at  the 
P4  level  requires  facility  isolation,  a change  room,  sealed  surfaces 
and  a secondary  treatment  systen. 

Dr.  Barkley  noted  that  the  safety  of  the  individual  worker 
depends  primarily  on  laboratory  practice  and  the  use  of  containment 
equipment  while  environmental  protection  depends  upon  all  three 
elements.  Current  NIH  designations  for  increasing  levels  of  physical 
containment  adhere  closely  to  the  equipment  and  special  laboratory 
design  criteria  described  by  the  NIH/EMBO  workshop.  Revisions  in 
the  Guidelines  incorporate  laboratory  design  recommendations  and 
new  mandatory  requirements  for  safe  biological  practices. 

A number  of  comments  were  made  both  by  members  of  the  DAC  and 
by  the  various  public  witnesses.  Dr.  Sinsheimer  (DAC)  pointed  out 
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that  lowered  physical  containment  for  a given  class  of  experiments 
could  increase  the  number  of  laboratories  where  the  experiment 
takes  place  and  consequently  increase  the  possible  hazard.  There 
was  particular  concern  about  the  need  for  training  in  microbiological 
techniques.  In  response  to  a question  about  release  of  untreated 
air  from  P3  level  laboratories,  Dr.  Barkley  noted  that  all  air 
expelled  from  inside  the  biological  safety  cabinets  is  filtered 
prior  to  release  while  only  the  air  from  the  normal  laboratory 
environment  is  vented  directly. 

Biological  Containment 

Dr.  Sue  Gottesman  (NIH)  presented  the  RAC  rationale  for  revisions 
in  the  area  of  biological  containment.  She  noted  that  the  use  of 
enfeebled  hosts  and  vectors  would  both  limit  the  potential  for  sur- 
vival of  the  host  and  for  transmission  of  the  vector.  The  best  examples 
are  the  development  of  a strain  of  E.  coli  K-12  which  can 

only  survive  in  a very  permissive  set  of  laboratory  conditions  and 
the  creation  of  vectors  with  host  dependent  mutations,  such  as 
bacteriophage  lambda  which  contains  amber  mutations  and  can  only 
grow  in  a supressor  host. 

Dr.  Gottesman  described  the  HV  nomenclature  and  its  application 
as  a general  host-vector  designation.  The  only  HV1  system  now  in 
existence  is  EK1,  although  if  other  certified  hosts  are  to  be  used 
experiments  should  only  be  conducted  at  the  P2  level  with  non-pathogenic 
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prokaryote  genes.  Any  further  experiments  to  be  conducted  with  that 
HVl  system  would  require  explicit  approval  by  the  RAC.  Similarly, 

E.  coli  host-vector  systems  (EK)  are  the  only  candidates  for  HV2 
and  HV3  certification.  For  certification  at  the  HV3  level  the 
vector  must  be  host  dependent  or  defective  in  mobilization  and, 
if  a plasmid,  not  contain  markers  conferring  resistance  to  antibiotics 
used  clinically  or  in  agriculture.  Dr.  Gottesman  further  noted 
that  other  HV2  and  HV3  systems  can  be  considered  as  they  are  developed; 
and  that  testing  of  such  systems  would  in  the  process  create  better 
performance  criteria  for  their  final  evaluation  and  certification. 
Similarly,  the  designation  of  a system  as  HV3  would  not  necessarily 
inhibit  its  risk  assessment  since  each  candidate  could  include 
a marker  that  would  permit  assay  of  its  presence  during  in  vivo 
testing . 

In  the  discussion  that  followed  Dr.  Gottesman' s presentation, 

Dr.  Fredrickson  indicated  that  other  types  of  risk  assessment  experi- 
ments in  addition  to  testing  and  evaluation  of  HV2  and  HV3  systems 
could  be  specifically  exempted  from  the  provisions  of  the  Guidelines. 

In  a related  comment.  Dr.  John  Tooze  ( EMBO)  stated  that  the  polyoma 
DNA  risk  experiment  proposed  by  NIH  was  being  already  carried  out 
in  Europe.  Polyoma  CNA  lambda  hybrids  had  been  constructed,  were 
currently  being  characterized,  and  would  be  given  to  mice.  Dr.  Tooze 
pointed  out  that  containment  levels  for  cloning  of  viral  DNA  in 
Europe  are  less  stringent  than  those  in  the  United  States. 
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Questions  were  raised  by  the  public  witnesses  regarding  the 
adequacy  of  the  data  employed  to  certify  HV2  and  HV3  systems. 

Concerns  were  expressed  that  all  tests  and  performance  criteria 
be  made  a matter  of  public  record  so  that  comments  could  be  received 
prior  to  certification  of  a given  system.  Recommendations ‘were 
also  made  concerning  the  need  for  more  extensive  risk  assessment 
studies,  including  those  employing  statistical  analyses,  and  for 
NIH  certification  of  HV  systems  developed  by  industry. 

Experimental  Guidelines 

The  justification  for  the  proposed  revisions  in  the  Experimental 
Guidelines  section  was  presented  by  three  members  of  the  RAC. 

Dr.  Donald  Helinski  described  changes  in  containment  levels 
for  prokaryote  and  eukaryote  DNA.  He  noted  that  the  list  of  pro- 
hibited experiments  has  not  been  altered  although  the  revised 
Guidelines  do  have  a provision  for  exemption  of  specific  exper- 
iments in  each  class.  In  the  permissible  class,  most  experiments 
will  use  E.  coli  K-12  as  the  host,  although  other  HV1  Systems  can 
be  employed.  Many  categories  have  not  been  changed  and  are,  in  fact, 
even  more  stringent  due  to  more  rigorous  requirements  for  certifi- 
cation of  host  vector  systems.  As  examples  of  experiments  that 
can  be  conducted  at  lower  containment  levels,  Dr.  Helinski  mentioned 
shotgun  cloning  into  E.  coli  K-12  of  both  non-primate  mammalian 
DNA  (from  P3  + EK2  to  P2  + EK2)  and  primate  DNA  (from  P4  + EK2 
to  P4  + EK1 ) . He  pointed  out  that  the  proposed  new  definition  of 
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recombinant  DNA  will  eliminate  regulation  of  experiments  with 
prokaryote  DNA  cloned  into  E.  coli  K-12  where  the  organisms  normally 
exchange  genetic  information  with  E.  coli  K-12. 

Dr.  Helinski  then  summarized  the  results  from  a series  of 
published  and  unpublished  experiments  that  the  RAC  believed  justi- 
fied its  decision  to  lower  containment  levels.  A recent  conference 
held  on  risk  assessment  indicated  that  E.  coli  K-12  could  neither  be 
converted  to  a pathogen  nor  could  it  colonize  the  normal  human  gut. 
The  variant  strain ^1776  could  not  even  be  established  in  germ 
free  mice.  Other  data  indicated  that  plasmid  transfer  in  the 
intestines  was  infrequent  and  required  the  use  of  conjugative 
plasmids,  and  the  narrow  host  range  of  phage  vectors  markedly 
limited  their  transmissabil ity.  Dr.  Helinski  went  on  to  present 
evidence  that  exchange  of  genes  can  occur  in  nature  in  normally 
nonexchanging  species.  Finally  he  described  experiments  in  which 
plants  have  been  shown  to  take  up  bacterial  DNA  and  alternatively 
in  which  eukaryotic  DNA  has  been  taken  up  by  bacterial  cells  and 
incorporated  in  the  host  genome. 

Dr.  Helinski  then  responded  to  questions  from  the  DAC.  He 
noted  that  decisions  on  exceotions  to  prohibited  experiments  would 
be  made  by  the  Director,  NIH  on  the  recommendation  of  the  RAC. 

He  also  pointed  out  that  experiments  were  underway  to  assay  for 
the  possibility  of  plasmid  escape  through  the  sewage  system  or 
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by  transduction  to  another  bacterium.  Dr.  Hel inski  indicated  that 
in  terms  of  approximating  physiological  conditions  in  a test  tube, 
the  mild  shock  treatment  employed  to  facilitate  transformation  in 
E.  coli  was  not  that  far  from  the  norm.  Similar  levels  of  calciun, 
for  example,  are  found  in  the  intestinal  tract. 

Dr.  Hel inski  was  followed  by  Dr.  Jtowe  who  presented  the  RAC 
recommendations  on  viral  DNA.  Dr.  Rowe  briefly  described  the  various 
classes  of  viruses  including  retroviruses  (which  carry  reverse 
transcriptase),  baculoviruses  (DNA  viruses  that  infect  insects), 
and  papova  viruses  (which  include  SV-40  and  polycma) . Dr.  Ftowe 
described  the  containment  levels  required  for  viral  DNA. 

A considerable  discussion  ensued  with  DAC  members  asking  why 
viral  DNA  required  such  high  containment  levels.  Dr.  John  Tooze 
( EMBO)  contrasted  the  European  attitude  toward  cloning  viral  DNA. 

He  first  pointed  out  that  many  European  countries  had  adopted 
guidelines  but  had  not  felt  it  necessary  to  pass  laws.  In  each 
country,  each  virus  cloning  proposal  is  put  forth  to  a national 
committee  and  is  judged  individually.  He  noted  that  when  viral 
DNA  such  as  SV-40  or  polyoma  is  used  as  a vector  it  will  pick  up 
host  DNA  by  natural  recombination,  so  that  to  clone  mouse  DNA  via 
polyoma  in  mouse  cells  at  a P3  level  does  not  seen  justifiable. 

Dr.  Zaitlin  concluded  the  section  on  Experimental  Guidelines  by 
discussing  changes  suggested  for  plant  ENA.  Dr.  Chilton  (University 
of  Washington)  testifying  as  an  invited  witness  suggested  that  the 
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Guidelines  should  reflect  differences  in  the  virulence  of  individual 


plant  pathogenic  bacteria  with  a general  level  of  P2  + EK2  for  cloning 
in  E.  coli  K-12.  She  stated  that  to  her  knowledge  the  only  plant 
pathogen  bacterial  DNA  currently  being  cloned  is  the  tumor  inducing 
DNA  of  Agrobacterium  tumifaciens  vhich  is  now  at  P2  + EK2  but  in  the 
revised  Guidelines  would  be  either  at  P3  + EK2  or  not  restricted 
at  all.  A final  point  was  made  by  Leslie  Dach  (Environmental  Defense 
Fund)  who  asked  for  a better  rationale  in  the  Experimental  section 
for  the  categorization  of  certain  classes  of  experiments  into  specific 
physical  and  biological  levels. 

Roles  and  Responsibilities 

Dr.  Fredrickson  introduced  this  section  by  noting  that  the 
Guidelines  refer  to  NIH  grantees  but  are  also  subscribed  to  by  the 
NSF  and  USDA.  He  believed  that  the  Guidelines  will  continue  to 
evolve  as  more  groups  came  under  their  aegis.  Dr.  Fredrickson  then 
asked  Dr.  William  Gar tl and  (ORDA)  to  provide  a chronology  of  events 
for  the  implementation  of  the  Guidelines.  Dr.  Gartland  indicated 
that  prior  to  promulgation  of  the  Guidelines  in  June  1976,  NIH  sent 
letters  of  information  to  its  grantees  which  stated  that  guidelines 
were  under  consideration  and  asked  each  principal  investigator  to 
return  a statement  of  agreement  to  abide  by  the  Asilomar  guidelines. 
Following  publication  of  the  NIH  Guidelines,  ORDA  sent  notices  to 
both  institutions  and  principal  investigators  establishing  Drocedures 
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of  compliance  including  creation  of  institutional  biohazards  committees 
and  memoranda  of  understanding  and  agreement  (assurance  of  familiarity 
and  compliance  with  the  Guidelines)  and  subsequently  requiring  prior 
approval  from  NIH  for  all  new,  or  continuing  research  activities 
involving  recombinant  DNA  technology.  ORDA  also  developed  procedures 
designed  to  facilitate  processing  of  the  documents  by  NIH  staff. 

Dr.  LeRoy  Walters  (RAC)  then  described  the  proposed  changes 
in  the  Roles  and  Responsibilities  section.  The  RAC  recommended 
that;  1)  institutional  biohazards  committees  include  individuals 
who  represent  community  involvement  2)  institutions  with  P3  and  P4 
level  experiments  appoint  a biological  safety  officer  who  would  have 
oversight  functions,  3)  certification  of  host-vector  systems  proceed 
through  a mechanism  including  review  by  an  expert  subcommittee  of  the 
RAC,  concurrence  by  the  RAC,  and  final  approval  by  the  Director,  NIH, 
who  would  have  ultimate  responsibility,  and  4)  an  administrative 
mechanism  be  developed  * for  exemptions  to  the  Guidelines  in  which 
a procedure  similar  to  certification  would  apply.  In  discussion 
with  members  of  the  DAC,  Dr.  Walters  indicated  that  the  Guidelines 
do  not  address  the  question  of  voluntary  compliance  for  non- 
governmental funded  research. 

The  public  witnesses  addressed  the  issue  of  enforcement. 
Representatives  of  the  AFL-CIO  indicated  that  although  the  Guidelines 
have  set  standards  for  good  personnel  practices,  they  believed 
that  the  Occupational  Safety  and  Health  Administration  (OSHA)  had 
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the  responsibility  for  enforcement.  They  disagreed  with  the  concept 
of  voluntary  compliance  citing  the  lack  of  evidence  in  other  areas 
for  such  willingness  by  American  industry.  They  believed  regulations 
with  provisions  for  penalties  were  required  with  the  final  respon- 
sibility resting  in  06HA.  A representative  of  the  Pharmaceutical 
Manufacturers  Association  (PMA)  expressed  his  industry's  willingness 
to  comply  with  the  Guidelines  providing  provision  could  be  made 
for  preservation  of  trade  secrets.  Other  witnesses  suggested  mandating 
the  composition  of  the  insti tutional  biohazard  committees,  public 
representation  on  the  RAC,  and  on-site  inspections  by  NIH  when 
necessary. 

Conclusion 

In  the  discussion  period  each  member  of  the  DAC  summarized 
his  or  her  viewpoint.  The  issues  addressed  included  training  of 
laboratory  personnel,  collection  of  data  on  the  incidence  of  laboratory 
infections,  public  representation  on  institutional  biohazard  committees, 
and  the  need  for  more  risk  assessment  studies.  Dr.  Fredrickson  closed 
the  meeting  by  requesting  more  detailed  written  comments  from  each 
of  the  participants. 
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PROCEEDINGS 

The  meeting  was  called  to  order  at  9:00  a.m. , December  15,  1977,  by 
Donald  S.  Fredrickson,  M.D. , Chairman,  presiding. 

DR.  FREDRICKSON:  Good  morning  ladies  and  gentlemen.  We  are  very 

pleased  to  welcome  you  here  today  to  seek  your  opinions  and  your  advice  on 
proposed  revisions  to  the  NIH  Guidelines  for  Recombinant  DNA  Research. 

This  is  a special  meeting  of  the  Advisory  Committee  to  the  Director  of  the 
National  Institutes  of  Health,  and  because  we  are  going  to  talk  about  so 
many  committees,  this  shall  hereafter  be  known  simply  as  "the  Committee." 

This  meeting  is  focused  on  a matter  of  considerable  national  and  even 
international  interest. 

For  this  particular  meeting  the  Committee's  membership  has  been  aug- 
mented to  assure  that  its  perspectives  include  sufficient  expertise  and 
opinion  on  relevant  scientific,  environmental,  occupational,  and  many 
other  public  policy  issues. 

Current  Committee  members  who  are  here  today  include  Dr.  James  Neel, 

Dr.  Jeanne  Sinkford,  and  Dr.  Katharine  Sturgis.  I should  like  to  intro- 
duce them  and  other  members  who  have  specially  joined  us  for  this  meeting. 

If  I may  proceed  from  my  left,  here  is  Professor  James  Gustafson,  who  is 
Professor  of  Theological  Ethics  at  the  University  of  Chicago;  Dr.  Katharine 
Sturgis,  who  is  from  Wynnewood,  Pennsylvania;  Dr.  Roger  DeRoos , Director 
of  the  Department  of  Environmental  Health  and  Safety  of  the  Boynton  Health 
Service  at  the  University  of  Minnesota  in  Minneapolis;  and  Professor  Walter 
Rosenblith,  Provost  of  the  Massachusetts  Institute  of  Technology.  Next  to 
him  is  Sir  John  Kendrew,  the  European  Molecular  Biology  Laboratory  represent- 
ative. We  especially  welcome  you  from  abroad,  Professor  Kendrew.  Adjacent 
to  Professor  Kendrew  is  Ms.  Patricia  King,  Associate  Professor  of  Law  at  the 
Georgetown  University  Law  Center;  Dr.  Robert  Sinsheimer,  Chancellor  at  the 
University  of  California  in  Santa  Cruz;  Dr.  Ann  Vidaver,  who  is  from  the 
Department  of  Plant  Pathology  at  the  University  of  Nebraska;  Mr.  Peter 
Hutt,  returning  for  a second  engagement,  who  is  from  the  Covington  & Burling 
Law  Offices  in  Washington,  who  formerly  was  General  Counsel  of  the  Food 
and  Drug  Administration. 

Dr.  Karim  Ahmed  is  from  the  Natural  Resources  Defense  Council.  Mr. 
Dennis  Helms  is  Special  Assistant  to  the  Attorney  General  of  New  Jersey. 

Dr.  Sinkford,  who  is  not  here  at  the  moment — she  is  in  court — is  the  Dean 
of  Dentistry  at  Howard.  We  hope  to  see  her  later  today.  Next  is  Dr.  Harold 
Ginsberg,  who  is  Chairman  of  the  Department  of  Microbiology  at  Columbia. 

Next,  Dr.  James  Neel,  Professor  of  Genetics  at  the  University  of  Michigan  in 
Ann  Arbor.  Then  Mr.  Jon  Beaty,  who  is  a student  member  of  an  institutional 
biohazards  committee  from  Oregon  State  University.  And  next  to  him  is 
Ms. — Where  is  Dr.  Molina?  I am  sorry  to  have  passed  you.  Dr.  Mario  Molina 
is  from  the  Department  of  Chemistry  at  the  University  of  California  in 
Irvine . 
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Now,  next  to  Mr.  Beaty  is  Ms.  Rosemary  Menard,  who  is  a laboratory 
technician  and  a member  of  an  institutional  biohazards  committee  at  the 
University  of  Washington  in  Seattle. 

Are  there  any  that  I did  not  introduce? 

In  addition  to  the  members  of  the  Committee  who  are  seated  about  the 
table,  I would  like  to  introduce  very  briefly  members  of  the  NIH  staff. 

Dr.  Bernard  Talbot,  Dr.  DeWitt  Stetten,  Dr.  Charles  McCarthy,  Dr.  Joseph 
Perpich,  and  Dr.  William  Gartland. 

I should  like  to  remind  you  that  this  meeting  is  being  recorded  through 
out  its  proceedings. 

We  certainly  welcome  and  appreciate  your  willingness,  members  of  the 
Committee,  to  share  with  us  the  responsibilities  inherent  in  an  exercise 
like  this.  Apart  from  the  expanded  Advisory  Committee,  special  arrange- 
ments for  this  meeting  have  also  included  the  inviting  of  twelve  witnesses 
to  represent  industrial  research,  academic  research,  and  labor  and  environ- 
mental groups  in  scrutiny  of  the  proposed  revisions.  In  addition  to  these 
invited  witnesses,  a number  of  others  have  requested  an  opportunity  to 
contribute  their  views  on  one  or  more  aspects  of  the  issues  under  discussion 
Perhaps  the  latter  are,  in  the  purest  sense,  the  public  witnesses,  whether 
they  are  scientists  or  represent  other  callings. 

Present  today  are  also  members  of  two  other  groups  that  have  had  impor- 
tant roles  in  the  development  of  Federal  policy  in  this  area.  The  Federal 
Interagency  Committee  on  Recombinant  DNA  Research  represents  Federal  depart- 
ments and  agencies  that  either  support  and  conduct  such  research  or  have 
regulatory  authorities  that  touch  upon  this  activity.  That  committee  also 
serves  as  a forum  for  discussion  of  recombinant  DNA  issues  and  for  coordi- 
nation of  Federal  activities. 

I have  also  invited  members  of  another  Federal  advisory  board  to  which 
our  society  really  owes  a large  debt  of  gratitude,  and  this  group  of  experts 
is  the  Recombinant  DNA  Molecule  Program  Advisory  Committee,  or  simply  the 
Recombinant  Advisory  Committee,  or  RAC;  and  they  have  borne  the  burdens  of 
interpretation  of  the  Guidelines,  and  have  labored  for  many  months  to  pre- 
pare the  proposed  revisions  that  are  the  subject  of  this  meeting. 

Finally,  we  welcome  several  congressional  staff  members  from  committees 
that  hold  legislative  and  oversight  hearings  concerning  recombinant  DNA,  and 
we  also  welcome  members  of  the  press. 

A brief  summary  of  relevant  background  might  be  in  order  at  this  point. 
NIH  issued  its  Guidelines  for  Recombinant  DNA  Research  in  June  1976,  and 
they  were  published  in  the  Federal  Register  on  July  7,  1976,  for  public 
comment.  A draft  Environmental  Impact  Statement  on  the  Guidelines  was  re- 
leased in  September  of  1976,  and  the  final  Environmental  Impact  Statement 
was  released  in  November  of  this  year. 
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The  NIH  Guidelines  for  Recombinant  DNA  Research  were  constructed  pains- 
takingly in  response  to  insecurity  that  was  generated  by  potentially  powerful 
techniques  for  changing  the  genetic  makeup  of  microorganisms.  As  you  know, 
at  the  time  the  Guidelines  were  released,  opinions  about  them  ranged  widely. 
Some,  at  one  end,  considered  them  barely  sufficient,  and  others,  at  another 
extreme,  found  them  so  excessive  as  to  possibly  excite  derision  in  future 
histories  on  American  culture.  And  I think  only  one  thing  was  accepted  by 
all:  that  this  is  an  area  of  science  that  is  fundamental  and  rapidly 

moving,  and  that  the  Guidelines  would  require  steady  evolution  in  the  light 
of  accruing  knowledge. 

The  Recombinant  Advisory  Committee  has  taken  very  seriously  the  task 
of  modifying  the  rules  to  reflect  an  increasingly  better  understanding  of 
this  subject.  NIH  has  taken  equally  seriously  the  duty  to  preserve  due 
process  and  to  provide  for  full  public  participation  in  this  first  major 
revision  of  the  Guidelines.  The  RAC  began  early  this  year  to  frame  revi- 
sions, and  they  were  formally  submitted  to  me  last  September  1.  During 
that  month  they  were  then  speedily  published  for  comment  in  the  Federal 
Register , and  in  the  NIH  Recombinant  DNA  Technical  Bulletin. 

Subsequently,  the  current  Guidelines  were  compared  with  the  proposed 
revisions.  The  comparison  and  the  Committee's  rationale  for  these  are 
included  in  the  Green  Book,  which  I think  all  of  you  have  been  provided. 

In  addition  you  have  received  an  Orange  Book  in  two  volumes,  which  is 
a compilation  of  all  letters  received  by  the  last  week  in  December  on 
the  proposed  revisions  as  published  in  the  Technical  Bulletin  and  in  the 
Federal  Register.  Several  additional  letters  have  been  provided  to  you 
as  well.  The  members  of  the  Committee  have  also  received  the  final  En- 
vironmental Impact  Statement,  published  in  November.  That  is  the  Yellow 
Book.  And  to  complete  the  color  code,  you  have  received  the  Internat ional 
Report  of  the  Federal  Interagency  Committee  as  the  Blue  Book.  Additional 
copies  of  these  materials  are  available  in  Conference  Room  8,  should  anyone 
desire  them. 

Now,  in  the  interim  since  the  publication  of  the  Guidelines,  there 
have  been  some  significant,  major  scientific  events,  and  these  will  be 
referred  to  today,  for  they  have  given  impetus  to  some  of  the  proposed 
revisions . 

A need  for  revision  also  derives  from  experience  with  implementing 
and  administering  the  Guidelines.  Approximately  110  institutions  where 
NIH-supported  research  is  going  on  have  established  institutional  bio- 
hazards committees,  and  about  230  projects  are  now  involved.  NIH  has 
established  the  Office  of  Recombinant  DNA  Activities,  called  ORDA,  which 
is  headed  by  Dr.  Gartland,  and  has  set  up  other  means  to  deal  with  admin- 
istrative requirements  of  the  Guidelines,  their  interpretation,  and  the 
certification  of  host-vector  systems.  Development  of  both  the  central 
and  the  local  administrative  practices  has  taken  time  and  resources.  Im- 
perfections in  procedures  and  communications  have  been  revealed,  and  the 
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section  on  roles  and  responsibilities  needs  strengthening.  This  will  be 
discussed  tomorrow  morning. 

As  all  of  you  are  aware,  there  have  been  legislative  developments  in 
the  past  year  on  this  subject.  Upon  the  recommendations  of  the  Federal 
Interagency  Committee,  Secretary  Califano  had  legislation  developed  and 
an  Administration  bill  was  introduced  into  the  Congress.  Hearings  were  held 
on  this  bill  and  several  others,  but  no  legislation  came  out  of  the  past 
session  of  the  Congress.  In  the  absence  of  legislation,  all  federally 
funded  recombinant  DNA  research  is  being  conducted  under  the  NIH  standards 
as  currently  agreed  upon  by  all  the  agencies  involved.  In  the  private  sector 
where  work  is  not  publicly  funded,  the  pharmaceutical  manufacturers,  for 
example,  have  publicly  given  their  assurance  of  voluntary  compliance  with 
the  Guidelines. 

Recombinant  DNA  research  is  also  being  conducted  in  many  countries  of 
the  world.  Many  national  and  international  bodies  have  reviewed  this  sub- 
ject. The  international  aspects  of  the  research  have  been  analyzed  in  the 
report  by  the  Interagency  Committee — the  Blue  Book,  to  which  I just  referred. 
The  report  notes,  for  example,  that  the  United  Kingdom  and  Canada  have  also 
issued  guidelines  that  differ  somewhat  in  detail  but  are  similar  concep- 
tually to  those  of  NIH,  and  there  are  emerging  other  national  versions  of 
guidelines . 

We  are  honored  to  have  with  us  today  a number  of  distinguished  interna- 
tional participants  in  this  discussion.  I have  already  introduced  Sir  John 
Kendrew,  who  is  serving  on  the  Committee.  At  this  time  I would  also  like  to 
introduce  Dr.  David  Suzuki.  Dr.  Suzuki,  were  you  able  to  make  it?  He  was 
ill  yesterday. 

DR.  MC  CARTHY : We  received  a telegram  that  he  is  on  his  way. 

DR.  FREDRICKSON:  Dr.  Suzuki  is  a Professor  of  Genetics  at  the  University 

of  British  Columbia,  and  the  host  of  Science  Magazine  of  the  Canadian  Broad- 
casting Corporation,  and  he  has  a long  interest  in  this  matter. 

Other  observers  here  include  Dr.  William  Whelan,  who  is  not  from  abroad, 
but  from  America,  but  who  is  Chairman  of  the  Committee  on  Genetic  Experimen- 
tation, so-called  COGENE,  which  is  a scientific  committee  of  the  International 
Council  of  Scientific  Unions. 

Dr.  John  Tooze — good  morning.  And  Dr.  Whelan  is  there  too,  with  Dr. 
Tooze.  Dr.  Tooze  is  Executive  Secretary  of  the  Liaison  Committee  on  Recom- 
binant DNA  of  the  European  Science  Foundation.  Also  we  welcome  Dr.  Jan 
Zelinka.  Good  morning.  Dr.  Zelinka  is  the  Director  of  the  Institute  of 
Molecular  Biology  in  Bratislava,  Czechoslovakia. 

Recombinant  DNA  techniques  and  the  policies  governing  their  use  can 
serve,  for  good  or  for  bad,  as  a case  model  for  public  and  scientific 
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participation  in  developing  national  and  international  science  policy.  We 
are  all  aware  that  it  was  scientists  engaged  in  recombinant  research  who 
initiated  the  events  leading  to  precedent-shattering  restrictions  on  scien- 
tific activities.  I believe  the  overwhelming  majority  of  scientists  have 
faithfully  adhered  to  those  rules,  despite  the  hobbling  effect  they  have 
had  on  inquiry.  Our  experience  here  and  elsewhere  also  demonstrates  that 
society,  with  every  right  to  know,  and  a very  real  need  to  understand,  is 
also  intent  on  achieving  the  essential  communication  on  this  subject. 

The  interest  of  the  public  and  its  scientific  components  can,  and  they 
must,  be  served  jointly  in  a process  such  as  this  public  hearing. 

I remind  you  all  that  the  subject  of  these  joint  interests  today  is 
the  revision  of  already  existing  NIH  Guidelines.  Those  whose  comments  stray 
from  this  demanding  focus  to  a wider  angle  can  place  this  meeting  in  some 
peril  of  failing  to  achieve  its  objective,  and  that  objective  is  to  create 
a clear  record  of  facts,  relevant  opinions,  and  useful  information  that  will 
permit  us  to  determine  which  of  the  proposed  revisions  or  adaptations  of 
them  shall  finally  be  accepted  as  the  next  version  of  the  Guidelines.  That 
determination  will  require  evaluation  and  consultations  for  some  time  after 
this  meeting. 

The  agenda  is  a full  one.  Today's  objectives  will  be  to  review  the 
scope  of  the  Guidelines,  the  standards  for  physical  and  biological  con- 
tainment, and  the  application  of  those  containment  standards  to  permissible 
experiments.  For  the  review  of  each  relevant  section,  we  are  going  to 
begin  with  a brief  presentation  by  a member  of  the  Recombinant  Advisory 
Committee,  and  following  each  of  those  presentations  we  will  hear  from 
invited  witnesses  and  then  from  public  witnesses.  It  is  important  that 
the  members  of  our  two  Committees  and  the  witnesses  have  opportunity  to 
exchange  questions  and  answers. 

Because  of  the  time  constraints,  which  are  real  (and  to  which  I am 
adding),  each  witness  has  been  asked  to  speak  for  no  longer  than  five 
minutes,  with  an  opportunity  for  five  minutes'  more  exchange  between  the 
witness  and  the  Committee  seated  about  this  table. 

As  you  will  note  we  have  scheduled  an  evening  session  today  for  fur- 
ther discussion  and  debate.  Members  of  the  audience  who  are  not  scheduled 
to  speak  but  who  wish  to  do  so  should  contact  Dr.  McCarthy,  the  Executive 
Secretary  of  the  Director's  Advisory  Committee,  or  Ms.  Garfinkle,  his 
assistant . 

This  morning  Dr.  Littlefield  will  review  the  development  of  the  pro- 
posed revisions,  and  Dr.  Helinski  will  explain  the  new  definition  for  ex- 
periments under  the  Guidelines.  Dr.  Barkley  will  take  up  the  proposed 
revisions  for  physical  containment,  and  Dr.  Sue  Gottesman  will  lead  off 
the  section  on  biological  containment.  This  afternoon  Drs.  Helinski,  Rowe, 
and  Day  will  initiate  discussion  on  the  experimental  guidelines,  which  will 
continue  into  this  evening. 
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For  tomorrow's  agenda,  Dr.  LeRoy  Walters  will  introduce  the  proposed 
revisions  to  the  roles  and  responsibilities  section  of  the  Guidelines.  The 
morning  and  part  of  the  afternoon  will  be  for  witness  presentations  and 
for  Committee  discussion.  And  to  conclude  tomorrow's  meeting,  Committee 
members  will  discuss  the  issues  raised  by  the  commentators.  I am  especially 
interested  that  you,  the  members  of  the  Committee  about  this  table,  provide 
us  with  your  judgments  on  the  merits  of  the  proposed  revisions.  Ideally  I 
hope  that  each  of  you  will  be  able  to  provide  us  with  a brief  oral  summary 
of  your  impressions  sometime  tomorrow  afternoon,  taking  into  account  all 
the  comments  that  you  have  heard  from  the  witnesses  and  the  scientific  and 
other  developments  of  the  past  year.  Your  reaction  to  the  proposed  mecha- 
nisms for  monitoring  the  research  is  especially  important. 

I will  urge  the  Committee  members  to  follow  up  this  meeting  with  a 
letter  that  may  expand  upon  their  opinions  and  any  additional  thoughts  they 
may  have.  Indeed,  I urge  all  the  witnesses  who  appear  today  to  please  do 
so,  too,  if  they  choose.  Comments  and  questions  from  other  members  of  the 
public  will  also  be  welcome,  and  will  be  made  part  of  the  written  record  of 
these  proceedings. 

I believe  that  we  can  achieve  very  much  at  this  hearing  to  assure  a 
full  exploration  of  all  the  relevant  facts  and  the  alternatives.  The  ulti- 
mate decision,  which  will  be  based  on  this  exploration,  will  be  as  correct 
and  as  wise  as  we  can  make  it,  and  consistent  with  procedural  and  statutory 
safeguards.  We  are  trying  here  to  achieve  a due  process,  not  only  for  the 
scientific  community  but  for  all  the  community. 

Justice  Brandeis  once  wrote  that  sunlight  is  the  best  disinfectant. 

I agree.  Openness  and  the  observance  of  procedural  safeguards  have  guided 
us  thus  far  in  this  matter,  and  we  intend  that  this  hearing  shall  follow 
that  precedent. 

Finally,  may  I remind  you  as  we  begin  that  the  official  text  of  this 
meeting  is  the  Federal  Register  text,  and  not  that  of  the  Recombinant  DNA 
Technical  Bulletin,  which  is  far  easier  to  read  but  which  has  not  been 
distributed  to  everyone  here. 

With  that  introduction,  ladies  and  gentlemen,  I should  like  to  begin 
our  proceedings.  First  we  would  like  to  ask  Dr.  John  Littlefield,  a Pro- 
fessor of  Pediatrics,  a geneticist,  and  a member  of  the  Recombinant  Advisory 
Committee,  to  introduce  this  matter  of  the  revisions.  Dr.  Littlefield, 
if  you  and  all  others  will  please  use  the  podium. 

DR.  LITTLEFIELD:  Thank  you,  Dr.  Fredrickson. 

As  you  have  heard,  at  the  meeting  last  January  of  the  RAC,  Dr.  Stetten 
appointed  a subcommittee  to  propose  revisions  of  the  Guidelines,  consisting 
of  Drs.  Barkley,  Gottesman,  Helinski,  Rowe,  Walters,  Day,  and  myself,  and 
you  will  hear  from  all  of  them  later.  We  met  first  in  February  1977  to 
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discuss  Che  approach  to  revision  and  to  assign  portions  of  the  Guidelines 
for  redrafting.  Then  we  met  again  several  weeks  later  to  consider  our 
drafts,  and  the  combined  draft  was  then  circulated  to  the  full  Recombinant 
DNA  Committee  for  its  May  1977  meeting.  However,  at  that  meeting  the  dis- 
cussion and  agreement  as  to  the  proposed  revisions  were  not  quite  reached, 
so  another  meeting  was  held  in  June  of  1977,  last  June,  and  a consensus  then 
reached,  and  the  draft  prepared  over  the  summer  by  ORDA  and  given  to  Dr. 
Fredrickson  in  September,  as  you  have  heard. 

I think  it  is  interesting  to  remember  that  the  subcommittee  began  to 
approach  revision  during  a very  cold  winter  here  in  the  East,  and  I think  some 
of  us  felt  a very  chilly  winter  in  Washington  in  regard  to  the  likelihood  of 
a fairly  extensive  legislation  concerning  this  technology.  As  the  winter 
progressed,  there  was,  in  our  minds,  increasing  evidence  and  an  increasing 
number  of  opinions  that  suggested  to  most  of  us  that  the  potential  hazards 
of  this  technology  had  been  somewhat  overestimated.  I think  by  June  all  of 
us  were  comfortable  with  certain  reductions  in  some  of  the  suggested  con- 
tainment levels  in  the  previous  Guidelines.  You  will  be  hearing  about  this 
in  the  next  two  days.  I personally  feel  that  subsequent  data  have  borne  out 
this  conclusion. 

Now,  I just  have  a few  words  to  say  in  regard  to  the  introduction,  and 
I will  speak  for  a moment  particularly  about  the  definition,  rather  than 
Dr.  Helinski,  as  you  just  heard. 

At  the  time  we  began  to  work  on  the  revisions,  there  were  a number  of 
new  definitions  circulating  around  the  country,  new  proposed  definitions. 

Ours,  I think,  started  off  to  reflect  a definition  that  was  proposed  for 
some  of  the  legislation  then  in  process,  and  it  has  evolved  somewhat  from 
that.  We  think  it  is  a workable  definition,  although  I think  many  of  you 
may  feel  that  it  was  clearly  written  by  a committee.  Indeed  it  was. 

The  proposed  new  definition  primarily  intends  to  suggest  the  exclusion 
of  certain  types  of  work  from  the  Guidelines  and  therefore  from  possible 
regulation.  We  would  propose  to  exclude  work  with  naked  DNA,  feeling  that 
this  is  not  hazardous  and  that  it  is  only  conceivably  hazardous  in  a live 
organism.  We  would  also  propose  in  this  definition  to  exclude  from  the 
Guidelines,  and  from  possible  regulation,  recombinant  DNA  which  is  a combi- 
nation of  two  DNAs , each  of  which  can  naturally  replicate  in  an  organism. 

We  believe  that  there  has  been  ample  opportunity  in  such  a case  for  natural 
recombination  between  these  two  DNAs,  and  that  they  are  not  novel  and  not 
hazardous . 

Now,  to  suggest  how  this  might  be  dealt  with  operationally,  we  took 
the  tack  of  suggesting  that  there  be  formed  a list  of  non-novel  DNA  com- 
binations which  would  then  be  excluded  from  the  Guidelines.  We  took  this 
point  of  view  so  that  an  investigator  could  not  start  using  a potentially 
hazardous  combination  which  nobody  knew  about,  but  rather  he  would  have  to 
use — without  being  subject  to  the  Guidel ines--he  would  have  to  use  combina- 
tions that  had  already  specifically  been  placed  upon  a list. 
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This  is  really  the  extent  of  my  remarks.  I think  the  rest  of  the 
introduction  section  is  fairly  self-explanatory.  It  will  be  enlarged  on 
to  some  extent  by  some  of  the  later  speakers.  That  is  all  I have  to  say, 

Dr.  Fredrickson. 

DR.  FREDRICKSON:  Thank  you. 

You  have  received,  in  addition  to  the  comparison  and  the  proposed 
revision  of  the  definition,  two  other  pertinent  documents.  There  are  a 
number  of  comments,  but  I would  like  to  turn  your  attention  to  two  in  the 
Orange  Book.  One  is  a letter  from  Dr.  Paul  Berg,  which  is  in  the  supple- 
ment, the  second  of  the  two  orange  volumes.  Also,  there  is  a long  telegram 
from  EMBO,  which  includes  discussions  on  many  matters,  some  of  which  bear  on 
the  definition. 

I would  like  to  call  at  this  moment  on  Dr.  Maxine  Singer  from  the 
scientific  staff  of  the  National  Cancer  Institute  to  expand  just  a little 
on  Dr.  Berg's  letter,  because  it  relates  to  certain  matters  touched  upon  by 
Dr.  Littlefield  as  being  subject  to  some  change  in  the  definitions  of  the 
Guidelines.  Dr.  Singer? 

DR.  SINGER:  Yes,  the  letter  from  Dr.  Berg,  as  well  as  the  report  from 

the  Committee  of  the  European  Molecular  Biology  Organization,  point  out  that 
neither  the  original  Guidelines  nor  the  proposed  revisions  that  we  have  in 
front  of  us  gives  any  guidance  on  risk  assessment  for  experiments  that  involve 
synthetic  DNAs — that  is,  those  experiments  in  which  the  foreign  DNA  that  is 
joined  to  a vector  has  been  prepared  by  chemical  procedures.  The  need  to 
include  such  experiments  is  pointed  out  by  the  comments  I mentioned.  The 
EMBO  document  is  number  32  in  the  Orange  Book.  Also  it  is  emphasized  by  the 
recent  work  of  Itakura  et  al.,  which  was  recently  published  in  Sc ience , and 
involved  experiments  with  a synthetic  gene  for  the  hormone  somatostatin. 

Paul  Berg  has  addressed  this  problem,  and  you  have  that  in  front  of 
you,  but  I will  take  the  opportunity  to  note  for  you  where  his  proposed 
wording  changes  make  things  different  from  the  proposals  of  the  Recombinant 
Advisory  Committee. 

DR.  FREDRICKSON:  Excuse  me,  Maxine,  maybe  we  can  point  out  that  Dr. 

Singer  is  referring  to  the  second  Orange  Book,  pages  82  to  84.  She  is 
going  to  point  out  some  differences. 

DR.  SINGER:  If  you  look  at  the  second  sentence  in  the  proposed  re- 

wording of  the  definition,  the  suggested  new  wording  says,  "Recombinant 
DNA  molecules  are  defined  as  molecules  which  have  been  constructed  out- 
side of  living  cells  by  joining  natural  or  synthetic  DNA  segments  to  DNA 
molecules  that  can  replicate  or  be  integrated  into  the  genome  of  a living 
cell."  This  wording  serves  to  place  experiments  with  synthetic  DNA  fragments 
within  the  Guidelines.  However,  I would  point  out  that  the  wording  pro- 
posed by  Dr.  Berg  has  two  additional  significant  changes  from  the  wording 
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in  the  Recombinant  Advisory  Committee's  proposal,  and  I would  like  to  point 
these  out  to  you. 

First  of  all,  the  term  "different  genomes"  has  been  deleted.  This 
term  could  well  be  ambiguous,  as  has  been  pointed  out  by  the  EMBO  Com- 
mittee, and  the  substantive  point  is  in  fact  taken  care  of  by  the  def- 
initions of  novel  and  not-novel  that  follow  further  down  the  page. 

Secondly,  the  term  in  the  second  sentence  of  the  definition,  "the 
capacity  to  infect  some  host  cell  and  be  maintained  therein,"  which  ap- 
pears in  the  proposal  from  the  Committee,  is  replaced  in  the  Berg  wording  by 
the  phrase,  "that  can  replicate  in  or  be  integrated  into  the  genome  of  a 
living  cell."  The  phrases  are,  in  my  judgment,  essentially  equivalent,  but 
the  suggested  wording  is  more  explicit,  and  eliminates  the  confusion  sur- 
rounding the  word  "infect,"  a word  whose  meaning  is  not  always  clear. 

Now,  a second  significant  change  in  the  wording  as  proposed  by  Berg 
occurs  in  the  third  sentence  of  the  definition,  under  little  "a."  If  you'll 
find  that,  please--Whereas  in  the  original  proposal  from  the  Committee,  the 
word  "novel"  refers  to  recombinant  DNA  molecules  containing  natural  DNA  seg- 
ments or  reverse  transcripts  not  known  to  exchange  chromosomal  DNA  by  normal 
physiological  processes,  the  adjective  "chromosomal"  has  been  omitted  from 
in  front  of  the  word  "DNA"  in  the  proposal  that  Dr.  Berg  has  made.  This 
change  is  again  consistent  with  the  comments  made  by  the  EMBO  Committee  and 
by  Stanley  Cohen  in  Document  18  in  the  Orange  Book.  The  adjective  appears 
unnecessary  to  these  commentators,  since  plasmids  are  known  to  pick  up  chro- 
mosomal DNA  fragments,  and  any  two  species  which  can  exchange  plasmids  in 
nature  are  then  very  likely  also  to  exchange  chromosomal  DNA  by  the  plasmid 
route.  Thus,  the  exchange  of  plasmids  alone  is  indicative  of  exchange  of 
chromosomal  DNA.  The  growing  appreciation  of  the  ubiquity  of  insertion 
sequences  as  a mechanism  for  recombination  supports  this  view. 

Finally,  Dr.  Berg  has  proposed  a classification  scheme  for  experi- 
ments with  the  synthetic  DNAs  to  be  inserted  in  Section  III,  subsection  B5. 

I could  describe  these  now,  Don,  but  you  may  wish  to  wait  until  you  come  to 
that  section. 

DR.  FREDRICKSON:  I think  I would  like  you  to  defer  that,  Maxine. 

That  is  a very  special  matter,  and  one  that  doubtless  the  RAC  would  have 
to  consider  at  great  length  before  it  would  likely  become  a part  of  the 
revision . 


DR.  SINGER:  Right. 

DR.  FREDRICKSON:  Let  me  then  summarize.  You  have  heard  very  briefly 
— and  just  to  bring  you  up  to  speed  should  you  not  be  already  ahead  of 
me — the  Committee  in  its  considerations  over  the  year,  examining  the  old 
definitions,  found  them  to  be  too  all-inclusive.  They  ignored  certain 
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naturaL  recombination  events.  They  also  took  into  account  new  knowledge 
about  E.  col i K-12  and  EK2  systems  that  we  will  hear  about  later  today. 

They  introduced  the  concept  of  novel , and  attempted  to  devise  a way  to  elim- 
minate  extension  of  the  regulations  to  certain  unnecessary  species  where 
where  this  recombination  was  clearly  evident  in  nature. 

We  note  that  both  of  the  pieces  of  legislation  still  not  passed  in 
Congress  also  included  restriction  of  the  definition. 

The  proposed  revisions  then  include  the  introduction  of  this  concept 
of  a novel  event  with  definition.  Note  that  the  Committee  still  leaves 
the  burden  on  the  investigator,  however,  to  prove  the  novelty,  or  to  prove 
the  lack  of  novelty,  of  the  experiments  that  he  might  propose  to  do.  Exemp- 
tions from  the  Guidelines  would  be  derived  primarily  by  a list,  which  the 
revisions  say  would  be  prepared  by  the  Director  with  the  advice  of  the  Recom 
binant  Advisory  Committee,  to  which  I would  add,  certainly,  that  they  should 
be  published  and  revised  periodically.  But  it  does  mean  that  a good  deal  of 
work  will  have  to  be  done  very  early  to  prepare  a list  of  such  exemptions, 
and  for  that  a subcommittee  has  already  been  put  in  place  by  the  Recombinant 
Advisory  Committee  if  this  portion  of  the  revisions  is  accepted. 

I just  want  to  say  before  giving  the  Committee  an  opportunity  to  ex- 
change with  Drs.  Singer  and  Littlefield,  whether  Dr.  Spizizen — John  Spizizen 
are  you  here? 

DR.  SPIZIZEN:  Yes. 

DR.  FREDRICKSON:  Would  you  tell  us  whether  you  have  done  some  thinking 

as  to  how  a subcommittee  would  proceed  to  work  on  the  task  of  preparing  such 
a list? 

DR.  SPIZIZEN:  We  have  just  begun  our  deliberations,  and  have  not 

really  come  to  the  point  where  we  can  really  define  a list.  Our  general 
feeling  is  that  such  a list  would  be  only  very  tentative,  in  the  sense  that 
we  don't  have  enough  data  in  the  literature.  It  would  probably  be  a ques- 
tion of  providing  some  well-known  situations  and  then  perhaps  to  issue: 
statements  or  guidelines  for  future  requests  to  be  inserted  on  this  li.st.  I 
think  that  such  a list  is,  academically,  at  the  moment  not  at  all  possible. 
We  will  prepare  a partial  list,  and  hopefully  this  will  be  added  to  in  the 
future . 

DR.  FREDRICKSON:  What  you  mean  is  that  a complete  and  all-inclusive 

list  is  quite  academic? 

DR.  SPIZIZEN:  That  is  right. 

DR.  FREDRICKSON:  But  it  would  be  your  intent,  then,  to  place  the  bur- 

den of  proof  on  the  investigator,  so  to  speak,  and  that  the  RAC  would  deal 
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with  each  of  these  proposals  on  an  ad  hoc  basis,  and  examine  the  record, 
and  the  arguments,  and  make  a decision. 

DR.  SPIZIZEN:  That  is  correct. 

DR.  FREDRICKSON:  Now,  ladies  and  gentlemen  of  the  Committee,  do  you 

have  some  question  or  discussion  about  what  you  have  just  heard  presented 
on  the  Guidelines? 

Dr  „ Sinsheimer. 

DR,.  SINSHEIMER:  Don,  I have  two  comments.  One,  that  allowing  for 

all  the  difficulties  of  semantics,  I have  trouble  with  the  words  "normal 
physiological  processes,"  because  I don't  exactly  know  what  is  meant  by 
"normal,,"  For  example,  it  is  not  clear  to  me  that  it  is  normal  in  nature 
that  E^  coli  takes  up  DNA  after  being  treated  with  calcium  chloride,  et 
cetera.  Is  that  a normal  physiological  process?  You  can  see  what  I am 
getting  at. 

DR.,  FREDRICKSON:  I do. 

DR.  SINSHEIMER:  And  it  seems  to  me  that  the  definition  therefore 

needs  to  refer  somehow,  some  way,  to  be  more  quantitatively  expressed: 
Something  that  occurs  only  under  some  very  special  condition  or  at  some 
really  wholly  unknown  frequency,  would  not  be  considered  a normal  physio- 
logical process. 

The  second  thing  that  concerns  me  again  may  be  a semantic  matter.  It 
says,  "In  general,  recombinant  DNA  molecules  will  not  be  considered  novel 
when  all  the  components  are  derived  from  genomes  known  to  replicate  within 
the  organism."  Once  you  have  formed  the  genome,  then  that  now  can  replicate 
within  the  organism.  In  other  words,  there  is  a possible  progression  here 
that  I don't  think  is  intended,  but  the  wording  would  not  exclude  it. 

DR.  FREDRICKSON:  I wonder  if,  Dr.  Littlefield  and  Dr.  Singer,  since 

you  are  sort  of  official  hosts  at  the  podium  for  this  purpose,  if  you  would 
care  to  exchange  or  comment  upon  the  comments,  please  do  so  at  each  interval 
before  you  take  another  one. 

DR.  LITTLEFIELD:  I have  a feeling  it  wouldn't  be  worthwhile.  We 

had  trouble  enough  writing  this  definition  in  a small  committee.  I would 
rather  take  these  valuable  suggestions  back  to  the  Committee  and  try  again. 

DR.  FREDRICKSON:  I agree  with  you,  that  unless  you  feel  a strong  compul- 

sion or  a need  to  intervene,  that  we  should — 

DR.  LITTLEFIELD:  Maybe  some  of  the  members  of  the  RAC  would  want  to 
speak  to  this,  but  I would  prefer  to  take  these  remarks  back. 
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DR.  FREDRICKSON:  Fine. 

Mr.  Hutt. 

MR.  HUTT:  I could  find  no  procedure  in  the  proposal,  Don,  as  to  how 
this  entire  process  would  be  carried  out,  and  in  view  of  the  admitted  dif- 
ficulty of  defining  what  is  and  what  is  not  novel,  particularly  what  Bob 
just  said,  it  would  seem  terribly  important  that  the  Guidelines  contain 
a detailed  procedure  that  the  list — which  I think  is  an  excellent  idea — 
of  exempt,  non-novel  experiments  be  set  out  for  public  comment  before  it 
would  be  adopted  so  that  the  scientific  community  could  either  agree  or 
disagree . 

DR.  FREDRICKSON:  Yes,  Dr.  Ahmed? 

DR.  AHMED:  I have  one  question  about  the  synthetic  DNA  molecules  with 

respect  to  the  NIH  Guidelines.  Have  you  given  any  thought  to  when  such 
guidelines  apply  to  such  a — what  you  call  constructing  and  handling?  For 
example,  if  a chemist,  not  a molecular  biologist,  is  constructing  a DNA 
molecule  synthetically,  and  it  is  not  really  at  the  stage  of  exchanging 
in  the  biological  system,  do  the  NIH  Guidelines  apply  then?  When  will  the 
NIH  Guidelines  apply?  That  is  the  question  I have,  basically.  Have  you 
given  that  much  thought? 

DR.  FREDRICKSON:  Dr.  Littlefield,  can  you  comment  on  that? 

DR.  LITTLEFIELD:  I think  we  would  like  to  have  guidelines  apply  only 

when  the  material  is  in  a living  organism,  but  not  when  it  is  outside. 

DR.  AHMED:  The  question  I am  trying  to  raise,  I guess  by  implica- 

tion, is  that  suppose  you  did  produce  a synthetic  DNA  that  may  have  certain 
replicative  potential  and  have  certain  properties.  Well,  then  what?  Un- 
less you  end  up  in  a biological  setting,  it  is  not  much  of  a problem,  is 
it? 


DR.  FREDRICKSON:  I think  that  is  a question  that  can  be  addressed 

right  here.  Dr.  Singer,  do  you  want  to  comment  on  that? 

DR.  SINGER:  Yes.  I would  start  out  by  saying  that  the  answer  to  the 

second  question,  in  my  judgment,  is  no.  I would  just  repeat  what  Dr.  Little- 
field said,  that  the  first  sentence  of  the  definition,  I think,  makes  it 
very  clear  that  such  molecules  in  a purely  chemical  setting  are  not  covered 
by  the  items  in  this  document. 

DR.  FREDRICKSON:  I take  it  that  the  import  here  is  that  the  creation 

of  a synthetic  DNA  is  such  an  enormously  common  process  in  a wide  variety 
of  activities  in  molecular  biology  and  biochemistry  that  only  a very  small 
number  of  those  might  involve  attempting  to  put  that  synthetic  gene  into  an 
organism.  Is  that  it? 
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DR.  AHMED:  I understand  what  you  are  saying,  but  I would  still  like 

to  raise  the  issue. 

DR.  FREDRICKSON:  Right.  Are  there  other  comments  by  the  Committee? 

If  not,  we  will  have  ample  opportunity  to  continue  this  discussion 
as  we  hear  now  from  several  of  the  invited  witnesses,  each  of  whom  is, 
please,  again,  urged  to  keep  their  presentation  to  within  five  minutes. 

Should  anyone  be  tempted  to  go  over  that,  I shall  have  to  give  a 30-second 
warning . 

The  first  witness  is  Dr.  Ronald  Cape,  who  is  President  of  the  Cetus 
Corporation  in  Berkeley,  California.  Dr.  Cape. 

DR.  CAPE:  Thank  you,  Dr.  Fredrickson.  We  have  several  general  obser- 

vations, and  some  specific  comments  about  the  proposed  revised  Guidelines 
which  we  will  bring  up  at  the  appropriate  time  later.  I am  accompanied  by 
Dr.  David  Gelfand,  who  is  Director  of  Recombinant  Molecular  Research  at 
Cetus  Corporation,  and  he  will  supplement  some  of  my  remarks. 

First,  I notice  my  name  tag  says  "Industrial  Research,"  but  I don't 
presume — we  don't  talk  for  industry  in  any  general  sense.  The  views  I am 
going  to  express  reflect  the  viewpoint  of  our  company.  Perhaps — no,  I will 
say  hopefully — others  agree  with  us,  but  we  have  not  consulted  with  anybody 
else  in  preparation  of  these  remarks. 

Our  major  concern  is  that  these  Guidelines  and  their  proposed  revi- 
sions do  not  refer  to  our  operations.  That  is  right.  We  share  the  con- 
cern of  others  that  since  we  don't  receive  grants  from  NIH  or  any  other 
government  agency,  nor  do  we  fund  or  subsidize  work  in  government-financed 
laboratories,  we  and  others  like  us  in  the  private  sector  have  no  formal 
standing.  The  NIH  Guidelines  are  the  only  recognized  operating  procedures 
governing  recombinant  DNA  work,  so  for  us  they  are  like  an  operating  manual 
— the  only  way  to  conduct  this  work.  It  is  unthinkable  to  behave  otherwise. 
Presumably  others  in  the  private  sector  share  this  commitment. 

However,  consider  our  position.  Since  NIH  does  not  provide  our  funds, 
there  is  no  review  process  regarding  our  plans,  our  protocols,  our  contain- 
ment, and  so  forth.  What  does  this  mean?  It  means  that  we  can't  officially, 
formally  interact  with  or  enlist  the  assistance  of  our  government  in  adher- 
ing, as  we  are  committed  to  do,  to  the  NIH  Guidelines.  What  we  want  is 
diplomatic  recognition.  Inadvertently,  I am  sure,  the  private  sector  is 
somehow  beyond  the  pale.  We  have  no  structure  and  no  formal  basis  on  which 
to  relate  to  the  NIH  Guidelines.  This  is  not — I repeat — this  is  not  a 
source  of  satisfaction  to  us. 

Some  people  have  suggested  that  this  represents  a reason  for  concern, 
and  they  suggest  that  industry  is  going  to  exploit  this  loophole.  Far 
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from  it.  Dr.  Fredrickson.  This  loophole,  if  such  it  is,  represents  a double 
bind  to  industry.  We  have  a firm  public  commitment  to  adhere  to  the  Guide- 
lines and  to  do  so  scrupulously.  But  adhering  involves  a whole  series 
of  formal  interactions  with  NIH,  and  paradoxically,  in  attempting  to  in- 
teract with  NIH  to  adhere  to  the  Guidelines,  we  find  that  the  workings  of 
bureaucracy  are  such  that  since  we  don't  have  grant  applications,  we  can't, 
for  example,  have  formal  MUAs , Memoranda  of  Understanding  and  Agreement.  We 
probably  can't  get  NIH  in  the  official  manner  to  have  their  review  groups 
and  study  sections  consider  our  P3  plans,  our  biological  containment  plans 
and  so  forth. 

Mr.  Chairman,  help  us  to  do  what  everybody  wants  us  to  do.  Everyone 
in  this  room  wants  us  to  comply  with  the  Guidelines.  We  want  to.  So  what 
we  are  asking  for  is  diplomatic  recognition.  If  at  first  it  can  only  be  an 
ad  hoc,  de  facto  recognition  through  some  temporary  authority,  somehow 
sought  by  and  assumed  by  NIH  in  revised  Guidelines,  that  will  be  a start. 
Ultimately  we  want  de  jure  recognition.  That  is  why  we  don't  merely  en- 
dorse a Federal  law  extending  the  Guidelines  to  everyone;  we  actively  seek 
such  a law.  Again,  as  we  have  said  in  public  subcommittee  hearings  in 
the  Senate  and  in  the  House,  we  favor--among  the  various  alternatives  which 
have  been  presented — almost  word  for  word,  far  and  away  we  prefer  the 
Interagency  Committee's  suggestions,  the  Interagency  Committee  chaired  by 
yourself,  and  a report  from  which  was  submitted  with  some  proposed  recommen- 
dat ions . 

There  are  a couple  of  areas  to  which  others  will  refer,  so  I won't  take 
time  to  repeat  what  others  will  say.  Clearly  there  are  certain  possible 
Catch-22  situations  with  respect  to  public  disclosure.  There  certainly  has 
to  be — on  the  part  of  anyone  adhering  to  the  NIH  Guidelines — frank  and  open 
communication  with  institutional  biosafety  committees,  no  question  about 
it.  But  I think  there  is  now  general  recognition  that  there  has  to  be  some 
clear  designation  of  what  formal  but  open  and  frank  communication  consti- 
tutes publication  and  what  does  not,  so  that  there  is  not  a precluding  of 
possible  subsequent  patent  applications. 

Lastly,  I just  want  to  refer  to  one  other  kind  of  activity  that  per- 
haps has  not  been  fully  considered,  and  that  is  the  fact  that  we  will 
want  to  develop  alternative  host-vector  systems.  They  have  many  possible 
advantages  and  practicality,  and  what  have  you,  and  this  also  has  to  be 
considered  in  terms  of  the  publication  consideration.  Thank  you  very  much. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Cape.  Remain  at  the  podium,  if  you 

will,  please.  You  went  quite  a bit  beyond  the  introduction  and  defini- 
tion, but  I hold  that  not  against  you:  you  were  trying  to  make  a point. 

I would  permit  now  the  Committee  to  question  or  discuss  with  Dr.  Cape  any 
of  his  comments. 

Mr.  Helms. 
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MR.  HELMS:  Yes,  the  comment  I would  make  here  is  that — and  I am  not 

sure  that  this  is  an  appropriate  moment  to  get  into  it,  because  I think 
these  are  a separate  set  of  discussions — but  for  the  record  I would  say 
that  Dr.  Cape's  problem  is  one  that  the  State  of  New  Jersey  will  have, 
because  the  State  has  recently  said,  through  its  Public  Health  Council, 
that  it  wants  to  implement  the  Guidelines  as  a matter  of  State  law,  yet  we 
have  no  capacity  in  our  Department  of  Health  to  review  what  would  amount  to 
the  MUAs.  So  our  relationship  diplomatically  to  NIH  is  something  which  has 
to  be  worked  out,  because  we  will  have  to  shepherd  the  corporations  within 
our  State  as  well  as  the  academic  institutions.  So  at  some  other  point — I 
don't  think  I want  to  get  off  any  further  on  that,  but  I note  that. 

DR.  FREDRICKSON:  Thank  you,  Mr.  Helms.  I think  that  we  will  make 

every  attempt  to  expand  this  portion,  the  discussion  of  this  question  to- 
morrow when  we  take  up  roles  and  responsibilities. 

Are  there  any  other  comments  or  questions  from  the  Committee  for  Dr. 
Cape  relative  to  other  matters? 

I take  it  you  have  no  particular  comments  to  make  on  the  definitions 
themselves? 

DR.  CAPE:  I simply  want  to  point  out  that  there  is  no  question  about 

the  watershed  significance,  both  of  the  definition  section  and  of  the 
novel  versus  non-novel  section.  I don't  think  I have  anything  to  say  that 
hasn't  been  said  by  others,  but  quite  clearly  the  red-tape  implications  on 
whether  there  shall  be  a list  of  what  is  novel  or  a list  of  what  is  not 
novel,  it  must  be  obvious  to  everybody.  Whichever  way  that  goes,  there 
will  be  either  a tremendous  impediment  or  lack  of  impediment  to  certain 
kinds  of  work.  I think  that  is  obvious,  and  I just  wanted  to  state  that 
much . 

DR.  FREDRICKSON:  Thank  you  very  much,  Dr.  Cape. 

I would  like  to  call  now  upon  Dr.  Bernard  Davis,  who  is  Professor  of 
Bacterial  Physiology  at  Harvard. 

DR.  DAVIS:  Thank  you,  Dr.  Fredrickson. 

I am  here  not  as  an  official  representative  of  the  American  Association 
of  Microbiologists,  but  as  one  recommended  by  their  responsible  officials 
and  on  the  basis  of  published  statements.  So  I would  say  that  what  I am 
going  to  say,  I believe  is  supported,  if  not  in  toto  in  large  part,  by  a 
great  many  microbiologists. 

I would  like  to  congratulate  the  Committee  on  the  revisions,  since 
I believe  like  many  microbiologists  that  the  dangers  in  recombinant  DNA 
research  of  the  kinds  proposed  have  been  enormously  exaggerated.  And  on 
the  basis  of  what  we  know  today,  I would  think  the  following  conclusions 
are  reasonable. 
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One,  that  except  for  the  insertion  of  genes  for  a potent  toxin,  the 
danger  of  inadvertently  creating  a pathogen  and  causing  a laboratory  infec- 
tion by  cloning  in  K-12  is  very  much  less  than  the  danger  of  working  with 
everyday  pathogens  that  medical  bacteriologists  work  with,  and  hence  the 
dangers  within  the  laboratory  are  well  within  the  range  that  has  tradition- 
ally been  left  to  the  prudence  of  the  investigator  risking  his  own  health. 

Secondly,  the  danger  of  an  epidemic  spread  of  work  with  clones  in  K-12, 
and  even  more  in  EK2,  is  virtually  nil  because  of  the  demonstrated  incapacity 
of  the  organisms  to  colonize  the  gut  and  to  transfer  their  plasmids.  This 
was  a theoretically  sound  position  two  years  ago;  today  it  is  supported  by 
a good  deal  of  evidence. 

Thirdly,  and  more  specifically,  the  danger  of  shotgun  experiments  with 
eukaryotic  DNA,  even  that  from  humans,  really  does  not  seem  significant. 

I make  this  perhaps  surprising  statement  for  the  following  reasons.  One,  if 
a human  tissue  contained  tumor  viruses,  any  particular  clone  would  have 
about  one  chance  in  a million  of  having  picked  that  up.  Secondly,  if  the 
tumor  genes  are  rare  in  man,  then  the  chance  of  picking  it  up  from  any 
old  human  culture  are  rare.  On  the  other  hand,  if  the  tumor  virus  is  so 
widespread  in  man  that  we  have  to  worry  about  picking  it  up,  then  it  is 
hard  to  see  how  very  much  could  be  added  to  its  spread  by  putting  it  into 
bacteria.  Finally,  the  virus  itself  is  clearly  more  infectious  by  many 
orders  of  magnitude  than  the  DNA  of  the  virus  that  would  have  to  be  released 

from  a bacterium  in  the  gut  and  somehow  get  into  animal  cells  to  prove 

hazardous . 

So,  if  one  had  to  choose  between  working  with  SV40  virus  in  the  tradi- 
tional way,  or  any  other  tumor  virus  in  the  laboratory  today,  or  working  with 

its  genome  in  a bacterium,  I would  consider  the  latter  much  less  hazardous 
than  the  acceptable  and  necessary  procedure  of  working  with  dangerous  viruses. 

On  scientific  grounds,  then,  I would  conclude  that  the  original  Guide- 
lines have  been  far  too  severe,  and  that  the  proposed  revisions  are  more 
than  justified,  and  I hope  that  others  will  follow  as  experience  mounts 
without  casualties  and  as  public  anxiety  recedes.  The  public  cannot  be 
blamed  for  having  a great  deal  of  anxiety  in  the  light  of  what  they  have 
read  about  the  subject. 

Now,  I think  many  people  must  ask  how  can  I justify  such  an  apparently 
extreme  view,  since  the  responsible  scientists  within  the  field  felt  con- 
cerned enough  to  recommend  a moratorium  at  an  earlier  stage,  and  many  are 
still  very  deeply  concerned  today.  I believe  we  have  been  victims  of  rather 
gross  misunderstanding  of  the  problem,  arising  with  the  best  of  intentions. 

I believe  this  for  the  following  reasons.  First,  that  the  role  of  genetic 
novelty  in  the  evolutionary  spread  of  organisms  has  been  focused  on  to  the 
exclusion  of  adequate  discussion  of  the  dominating  role  of  natural  selec- 
tion in  determining  what  novelty  can  survive  in  the  competition  of  nature. 
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Secondly,  I believe  that  the  novelty  of  the  proposed  organisms  has  been 
very  much  exaggerated.  There  is  no  doubt  that  DNA  can  enter  bacteria,  some 
much  more  readily  than  others.  It  is  extremely  unlikely,  from  what  we  know 
of  cell  biology,  that  there  are  going  to  be  very  sharp  lines  that  will 
restrict  this  to  very  few  bacteria,  and  we  can  expect  rare  integration  of 
the  entered  material,  which  in  fact  was  demonstrated  by  Chang  and  Cohen  in 
PNAS  [Proceedings  of  the  National  Academy  of  Sciences]  this  month.  It 
seems  impossible,  then,  that  a million  DNAs  have  not  entered  bacteria  many 
times  in  the  past. 

I believe  that  the  concern  arose  also  from  an  underestimate  of  the 
spread  of  DNA  in  the  microbial  world,  in  which  we  now  increasingly  see 
that  plasmids  and  restriction  enzymes  have  evolved  as  devices  for  promo- 
ting spread  of  a great  variety  of  DNAs  in  evolutionary  experiments. 

The  most  serious  reason,  I think,  for  the  great  anxiety  that  arose 
was  that  the  epidemiological  aspects  of  these  novel  organisms  were  treated 
as  though  they  were  a black  box.  Now,  it  is  true  that  for  precise  quantita- 
tion of  precise  hazards  of  any  specific  organism,  one  needs  data  on  that 
organism,  but  for  general  assessment  of  a class  of  organisms,  our  knowledge 
of  that  class  from  the  past  is  sufficient,  and  E.  coli  with  one-tenth  percent 
foreign  DNA  inserted  in  it  will  still  certainly  have  the  modes  of  spread, 
the  normal  habitat  of  E.  coli  and  of  other  enteric  pathogens  which  we  know 
are  contained  well  by  modern  sanitation. 

Now,  let  me  close  with  several  specific  recommendations.  First,  I 
would  recommend  strengthening  the  introduction  by  interjecting  the  question 
of  the  novelty  of  the  proposed  recombinants  compared  with  what  has  happened 
in  nature.  Secondly,  by  putting  in  some  references  to  the  work  of  Chang 
and  Cohen  and  Roy  Curtiss  in  the  introduction  rather  than  simply  later. 

And  thirdly,  the  phrase,  "the  intent  of  erring  on  the  side  of  caution."  I 
appreciate  the  intent  of  that  statement,  but  I think  it  is  perhaps  too 
strong,  and  would  suggest  something  like,  "because  of  the  persistence  of 
the  widespread  public  anxiety  that  arose  before  these  principles  and  these 
findings  had  been  considered,  the  revised  Guidelines  represent  only  a modest 
relaxation  of  the  restrictions." 

Thank  you. 

DR.  FREDRICKSON:  Questions  or  comments  from  members  of  the  Committee? 

Mr.  Hutt. 

MR.  HUTT:  I would  just  like  to  make  sure,  Dr.  Davis,  you  are  not  sug- 

gesting that  we  should  not  err  on  the  side  of  caution,  or  are  you? 

DR.  DAVIS:  The  aim  I agree  with.  I think  the  phrase  "err  on  the  side 

of  caution"  isn't  an  ideal  aim.  The  ideal  aim  is  to  be  as  reasonable  as 
possible,  and  not  to  err.  I don't  like  to  have  a document  put  out  by  a 
group  of  scientists  saying  we  are  deliberately  erring.  I would  rather  use 
another  phrase,  as  I suggested,  that  gets  at  much  the  same  point. 
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MR.  HUTT:  One  could  say,  however,  that  we  are  deliberately  being 

caut ious . 

DR.  DAVIS:  Yes,  that  I would  accept. 

DR.  FREDRICKSON:  Dr.  Sinsheimer? 

DR.  SINSHEIMER:  Bernie,  I don't  want  to  start  a debate  with  you  again, 

but  I just  want  to  say  that  I think  the  nice  experiment  by  Chang  and  Cohen, 
the  significance  of  this,  I think,  is  being  exaggerated  in  this  discussion. 

I could  expand  on  that  if  you  want,  but  not  in  30  seconds. 

DR.  FREDRICKSON:  I think  we  probably  shouldn't  expand  on  it  now,  but 

we  can  if  we  have  time  later,  Bob. 

Any  other  comments  or  questions? 

I have  one  question  for  you,  Dr.  Davis,  which  arose  from  your  comments 
about  the  phrase  "err  on  the  side."  You  also  made  some  reference  to  SV40. 

Was  this  because  you  are  objecting  to  the  footnote,  number  one?  I am  now 
referring  to  the  revisions  in  the  Federal  Register,  page  49596,  column 
three,  at  the  bottom.  I raise  this  question  because  a number  of  commentators 
have  raised  it.  We  will  come  back  to  the  problem  of  viral  genomes  time  and 
time  again  in  this  discussion,  but  was  that  what  you  had  reference  to? 

DR.  DAVIS:  No,  I wasn't  thinking  about  it  in  that  particular  connection 

I was  simply  mentioning  SV40  as  an  example  of  a virus  that  is  grown  in  very 
large  amounts,  and  is  considered  not  excessively  hazardous  to  handle  in 
that  way.  I am  suggesting  that  that  is  actually  more  hazardous  than  the 
alternative . 

DR.  FREDRICKSON:  I see. 

Are  there  any  other  questions  for  Dr.  Davis?  Thank  you,  Dr.  Davis. 

The  next  witness  will  be  Ms.  Nancy  Pfund,  who  is  from  the  Sierra  Club. 

MS.  PFUND:  I would  like  to  thank  the  Committee  for  inviting  me  to 

testify  today.  I think  public  hearings  like  these  ought  to  be  increased. 

My  one  objection  at  this  point  is  that  this  hearing  is  a little  too  late, 
and  its  scope  is--well,  it  represents  too  little  effort  to  involve  the 
public.  What  has  happened  is  that  the  Guidelines  have  already  been  revised 
downward.  Why  is  this? 

The  introduction  to  the  Guidelines  states  that  the  Advisory  Committee 
based  its  revisions  on  new  data  which  diminished  the  estimate  of  risk  asso- 
ciated with  recombinant  DNA  in  E.  col i K-12  systems.  What  are  these  data? 
Where  are  they  published?  Why  have  they  not  been  widely  circulated  and 
subjected  to  comprehensive  review  by  experts  and  the  public  alike?  These 
data  are  not  referenced  in  the  Guidelines.  The  references  that  are  contained 
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in  the  background  material  to  the  Guidelines  include  what  were  at  the  time 
unpublished  articles,  informal  reports  from  conferences,  letters,  and  other 
documents  which  have  not  been  submitted  to  traditional  means  of  scientific 
review  nor  to  public  debate. 

The  fact  that  the  NIH  Advisory  Committee  gained  access  to  new  infor- 
mation and  used  it  in  developing  the  new  Guidelines  without  securing  outside 
comment  while  decisions  were  being  made  makes  a mockery  of  public  partici- 
pation in  this  process.  As  a result,  many  of  the  changes  seem  arbitrary 
and  baffling,  even  to  those  of  us  who,  for  some  reason  or  another,  follow 
this  issue.  If  the  NIH  is  committed  to  getting  public  input,  it  must  equip 
the  public  with  the  data  its  own  Advisory  Committee  used  to  justify  its 
decisions . 

I find  it  ironic  that  while  the  NIH  requires  rigor  in  establishing 
proof  from  its  grantees,  it  should  settle  for  less  in  its  own  operation. 

And  while  intelligent  evaluation  of  new  information  may  have  characterized 
the  meetings  of  the  Advisory  Committee,  NIH,  by  presenting  the  Guidelines 
as  a fait  accompli  with  no  indications  of  the  reasoning  behind  the  revisions, 
is  undermining  the  principles  of  informed  democratic  decision-making. 

Essentially  we  have  no  inkling  as  to  how  the  Committee  reached  its 
decisions.  I quote  one  example  from  the  background  document.  It  says, 

"There  are  categories  of  experiments  for  which  the  containment  levels  are 
specifically  mandated  in  the  1976  Guidelines,  but  for  which  some  discretion 
is  permitted  in  the  proposed  revision."  What  does  that  mean?  The  logic 
and  justification  for  such  discretion  should  be  matters  for  discussion  by  a 
wide  range  of  individuals  and  not  confined  to  an  advisory  committee  whose 
composition  and  scope  is  not  representative  of  the  various  positions  and 
perspectives  on  this  issue. 

One  of  the  changes  which  to  me  doesn't  have  adequate  justification 
is  included  in  the  introduction,  and  that  concerns  the  definition  of  recom- 
binant DNA.  And  while  I am  not  going  to  go  into  detail — I am  going  to  leave 
that  to  some  of  the  more  scientifically  oriented  people  who  are  going  to 
testify — I still  would  like  to  make  the  point  that  while  it  may  be  reasonable 
to  make  a list  of  non-novel  and  non-hazardous  organisms,  we  must  always  focus 
not  on  proving  or  protecting  non-novelty,  but  on  insuring  safety  of  these 
organisms.  That  is  a key. 

I will  confine  my  remarks  to  the  introduction.  One  other  point  that 
I think  should  be  changed  is  the  last  paragraph  in  the  introduction  where 
it  is  urged  that  all  publications  dealing  with  recombinant  DNA  include  a 
description  of  the  physical  and  biological  containment  procedures  employed. 

I think  this  should  be  made  a little  more  explicit  by  the  Advisory  Com- 
mittee— not  just  urged,  but  required — because  I think  it  is  a very  important 
process  to  get  people  to  follow  the  Guidelines  and  to  explain  how  they  did 
it,  and  under  what  circumstances.  I think  the  only  way  to  do  that  is  to 
publish  it  along  with  the  results  of  experiments. 

That  is  about  all  I have  to  say  on  the  introduction. 
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DR.  FREDRICKSON:  Thank  you,  Ms.  Pfund.  Will  you  wait  there,  please, 

for  discussion  by  members  of  the  Committee? 

I should  simply  comment,  I think,  in  reference  to  your  opening  remark, 
that  the  Guidelines  have  not  been  revised  downward,  and  that  is  the  purpose 
of  this  hearing,  to  determine  in  what  way  the  revisions  should  be  made,  if 
any . 


MS.  PFUND:  I didn't  mean  to  say  that  these  revisions  are  going  to 

be  accepted  as  they  are,  but  the  point  is  that  when  they  were  being  dis- 
cussed and  when  these  ideas  were  coming  up,  there  was  not  the  debate  or 
the  input  from  this  diverse  a group. 

DR.  FREDRICKSON:  I might  ask  whether  Dr.  Helinski,  for  example — and 

particularly  he  from  the  Recombinant  Advisory  Committee,  which  labored  very 
long  to  provide  these  revisions  and  their  justifications  or  rationale  that 
you  see  in  the  Green  Book--Dr.  Helinski,  would  you  like  to  comment  on  what 
Ms.  Pfund  has  said,  or  do  you  reserve  your  time? 

DR.  HELINSKI:  I am  sorry,  comment  on  what? 

DR.  FREDRICKSON:  Have  you  a comment  to  make  about  new  knowledge 

re  levant  — 

DR.  HELINSKI:  I think  I would  simply  underscore  what  you  have  said, 

that  there  is  always  a question  of  what  is  the  proper  point  for  extensive 
public  input  in  the  case  of  revisions  of  guidelines.  We  have,  as  I will 
describe  in  some  detail  this  afternoon,  done  our  very  best  to  obtain  all 
the  relevant  information  and  new  experimental  data  to  support  our  proposed 
revisions.  It  was  our  intention  to  make  this  recommendation  to  the  Director 
of  the  National  Institutes  of  Health,  knowing  that  this  public  hearing  would 
be  held  to  give  everyone  an  opportunity  to  discuss  the  proposed  revisions, 
and  as  provided  in  this  Green  Book,  to  consider  the  documentation  for  our 
proposed  revisions. 

DR.  FREDRICKSON:  Mr.  Hutt? 

MR.  HUTT:  Could  you  give  us  some  idea,  though,  why  the  information 

in  the  Green  Book  was  not  put  as  the  preamble  to  the  Federal  Register  notice? 
I believe  that  is  the  point  that  Ms.  Pfund  is  making. 

MS.  PFUND:  It  is  not  just  that.  I mean,  people  rely  on  the  Chang-Cohen 

experiment,  they  rely  on  the  report  from  the  Falmouth  Conference,  and  I 
don't  see  that  there  is  a consensus  of  opinion  on  these  data.  It  just 

takes  a few  phone  calls  to  certain  scientists,  to  members  of  professional 
societies,  to  get  comments  on  these  experiments  which  don't  make  the 
grandiose  conclusions  that  seem  to  proliferate  here. 

MR.  HUTT:  Well,  but  at  least,  why  all  this  material,  which  I think 

I certainly  found  very  helpful — why  that  was  not  prepared  ahead  of  time  so 
that  those  reading  the  Federal  Register  would  have  that  background.  . . . 
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MS.  PFUND:  I think  that  would  have  been  a better  way  to  do  it. 

DR.  SHAW:  Dr.  Fredrickson,  I would  like  to  suggest  that  perhaps  Ms. 
Pfund  could — 

DR.  FREDRICKSON:  Are  you  Dr.  Sinkford? 

DR  SHAW:  Dr.  Shaw. 

DR.  FREDRICKSON:  Oh,  Margery  Shaw,  whom  I didn't  introduce  because 

you  weren't  here. 

DR.  SHAW:  I came  in  late. 

I would  like  to  suggest  that  to  follow  up  these  criticisms,  perhaps 
Ms.  Pfund  could  provide  the  Committee  with  a document  of  specific  recommen- 
dations as  to  at  what  points  and  how  she  would  like  the  public  to  become 
involved.  In  other  words,  would  you  want  a public  representative  on  a 
subcommittee  of  the  RAC  and  so  forth?  Where  would  you  like  the  documents 
to  be  sent,  and  to  whom?  I think  that  NIH  is  trying  to  open  the  procedures 
to  the  public,  and  we  would  like  guidelines  on  how  best  to  do  that. 

MS.  PFUND:  Well,  I plan  to  develop  some  ideas  on  this.  I was  planning 

to  talk  about  that  in  the  roles  and  responsibilities  section.  Do  you  think 
I should  wait  until  then? 

DR.  FREDRICKSON:  I think  you  should;  and  then  on  the  basis  of  what 

further  you  hear,  it  may  help  your  own  development  on  that  idea. 

Mr.  Helms. 

MR.  HELMS:  I am  interested,  are  you  attacking  the  proposition  that 

if  it  is  not  novel,  it  is  safe?  In  other  words,  it  occurred  to  me  that 
somehow  in  your  remarks  you  were  taking  that  concept  on,  and  I wanted  to  be 
sure  if  you  were,  because  it  was  my  impression  as  a non-scientist,  that  that 
was  one  of  the  few  concepts  that  came  out  of  the  democratic  process — that 
is,  out  of  the  legislation  that  has  grown  up  about  this  subject,  and  that 
has  been  adopted  from  there. 

My  question  is,  Do  you  believe  that  if  it  is  not  novel,  it  is  not  safe? 

MS.  PFUND:  I don't  think  you  can  make  a categorical  statement  like 

that.  I think  that  by  making  a list  of  non-novel  recombinants,  that  list 
may  not  insure  that  the  recombinants  on  that  list  are  safe  just  because  of 
the  increased  frequency  and  proliferation  of  the  organism  that  you  put  on 
that  list.  That  is  going  to  change  the  nature  of  safety. 

MR.  HELMS:  In  other  words  you  would  have  that  list  written  organism- 

by-organism  as  has  been  suggested?  Each  one  is  determined  to  fall  on  the 
list  for  specified  reasons? 
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MS.  PFUND:  Well,  I would  want  to  make  sure  that  this  list  went  spe- 
cifically according  to  each  organism,  and  really  made  sure  that  it  was 
not  only  non-novel,  but  also  safe;  and  this  requires,  I guess,  individual 
testing  of  each  organism  on  that  list.  I think  this  is  something  that  was 
recognized  in  the  Senate  bill  to  regulate  research,  where  it  did  restrict 
the  definition  some,  but  it  also  recognized  the  ultimate  responsibility  to 
protect  the  health  and  safety. 

MR.  HELMS:  I also  have  one  final  point  to  raise.  I would  like  to 

second  Dr.  Shaw's  recommendation  that  you  make  some  comments  here,  some 
specific  recommendations,  because  I think  the  scientific  community — viewing 
this  as  an  outsider — has  made  a tremendous  effort  to  communicate  in  really 
a new  way  with  the  public,  and  I don't  think  this  has  been  altogether  easy 
for  them.  The  language  is  not  easy  to  get  over,  and  some  of  them  have  had 
to  spend  lots  of  hours  with  people  like  me  trying  to  explain  what  is  going 
on.  So  putting  this  in  formal  documents  and  making  this  communication  easy 
is  going  to  be  a new  process,  and  they  are  going  to  need  some  help.  So  I 
would  agree  that  you  should  send  your  suggestions. 

MS.  PFUND:  I will  be  happy  to  elaborate  on  them  later  on. 

DR.  FREDRICKSON:  Dr.  Sinsheitner. 

DR.  SINSHEIMER:  Well,  just  one  minor  comment  to  Peter.  It  is  not 

merely,  as  I understand  Ms.  Pfund,  the  fact  that  the  Green  Book  wasn't 
available  with  the  Federal  Register.  It  is  also  that  many  of  the  refer- 
ences in  the  Green  Book  are  to  unpublished  materials. 

MS.  PFUND:  Right. 

MR.  HUTT:  Well,  those  could  have  been  discussed,  summarized,  et  cetera, 

in  the  Federal  Register  preamble,  Bob,  and  made  available  through  NIH  upon 
request,  if  indeed  that  was  the  basis  for  it.  That  is  a common  procedure 
in  writing  things  of  this  kind  in  the  Government.  NIH  could  have  circu- 
lated them  as  part  of  the  process.  That  is  what  I am  suggesting. 

DR.  SINSHEIMER:  Well,  they  could,  but  the  more  common  procedure  in 

science  is  to  publish  the  material. 

MR.  HUTT:  Yes,  and  I don't  oppose  that. 

MS.  PFUND:  I agree  with  Dr.  Sinsheimer,  because  NIH,  the  mailing 

list  they  have  is  not  nearly  broad  enough  as  compared  to  the  journals' 
circulation. 

DR.  FREDRICKSON:  Thank  you,  Ms.  Pfund.  Ms.  Pfund  will  be  back  later 

in  subsequent  portions  of  this  program. 

I am  now  going  to  call  upon  the  first  of  the  public  witnesses. 


[231] 


28 


MR.  DACH:  Dr.  Fredrickson,  I did  not  get  a chance  to  inform  Dr.  McCarthy 
I would  like  to  speak  on  this  section,  because  it  was  just  divided  up  on  the 
new  agenda,  so  I was  wondering  if  I could  have  a few  minutes  to  make  some 
comments  on  the  introduction. 

DR.  FREDRICKSON:  I am  sorry;  who  are  you? 

MR.  DACH:  Leslie  Dach.  I am  one  of  the  invited  witnesses. 

DR.  FREDRICKSON:  Yes,  you  may,  Mr.  Dach,  have  five  minutes.  Are  you 

Dr.  Dach? 

MR.  DACH:  Mister. 

DR.  FREDRICKSON:  Mr.  Dach,  and  would  you  introduce — you  are  from  the 

Environmental  Defense  Fund? 

MR.  DACH:  The  Environmental  Defense  Fund,  yes. 

I would  really  like  to  second  a lot  of  the  things  that  Nancy  has  said, 
and  to  stress  what  she  mentioned,  that  it  is  a misimpression  to  say  that 
the  definitions  that  emerged  from  the  democratic  process  from  the  bills 
relied  solely  on  novelty.  The  Senate  bill,  as  she  mentioned,  did  specifi- 
cally mention  that  no  recombinant  DNA  molecule  can  be  excluded  from  the 
Guidelines  unless  it  is  shown  not  to  pose  an  unreasonable  risk  to  health  and 
safety.  And  the  list  of  non-novel  organisms  that  was  included  in  the  Senate 
bill  was  supposed  to  have  been  screened  for  safety  in  addition  to  novelty. 

The  House  bill  also  carries  a much  more  restrictive  definition  of  novelty 
than  the  proposed  NIH  definition  in  the  revised  Guidelines,  and  is  much  less 
ambiguous.  The  House  definition  refers  more  specifically  to  the  exchange- 
ability of  the  DNA  that  goes  into  the  recombinant  DNA  molecule  with  the  host 
cell,  which  really  seems  to  be  the  important  issue  here,  and  which  is  dealt 
with  ambiguously  in  the  Guidelines. 

On  that  same  subject  of  vagueness,  I would  just  like  to  point  out 
here  that  the  Guidelines  were  marred  throughout  by  ambiguity  and  lack  of 
clarity.  They  were  obviously  not  written  by  people  with  any  experience  in 
enforcement.  You  can't  enforce  words  like  "normal  physiological  processes." 
You  can't  enforce  words  like  "adequate  care  shall  be  taken."  When  the  time 
comes  to  see  whether  someone  has  followed  this  or  not,  you  just  have  no 
guideposts  to  do  that  with.  Loose  language  creates  loopholes.  You  can 
always  come  back  later  and  say  that  it  was  unclear  what  it  was  I was  sup- 
posed to  do  or  what  it  was  I was  not  supposed  to  do.  As  I said,  that  problem 
is  pinpointed  right  at  the  beginning  of  the  definition  with  the  ambiguity 
that  has  been  pointed  out  by  a lot  of  the  commentators  between  relying  on 
exchangeability  of  the  DNA  molecule  with  a host  organism,  and  in  a previous 
sentence  limiting  the  discussion  simply  to  the  DNA  molecule  itself. 
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So  I urge  that  everyone  here  really  take  it  to  heart  in  their  comments 
that  these  Guidelines  not  be  finally  revised  until  all  the  language  is  gone 
over  in  such  a way  as  to  make  it  meaningful.  It  does  us  no  good  to  have 
revised  Guidelines  that  cannot  be  held  up  as  a standard  for  later  action. 

I urge  that  especially  if  these  NIH  Guidelines  or  the  authority  of  NIH  is 
to  be  extended  to  industry,  and  to  be  kept  in  NIH  in  any  legislative  action, 
it  will  be  essential  to  show  that  these  Guidelines  can  serve  as  an  enforce- 
ment manual. 

The  second  point  I would  like  to  make--which  Nancy  had  mentioned — is 
about  the  inclusion  of  public  participation  in  the  process.  I think  it  is 
unreasonable  to  expect,  even  though  I hope  it  will  be  true,  that  advisory 
committees  are  in  a position  to  really  step  in  and  make  broad  changes  in 
suggested  policy.  You  are  being  given,  a few  days  before  you  get  here,  a 
bunch  of  information,  Guidelines  that  were  revised  after  days  of  delibera- 
tion, and  it  is  really  just  unrealistic  to  expect  substantial  changes  to  be 
made  through  that  way.  The  DNA  Advisory  Committee — and  I will  talk  about 
this  in  more  detail  later — only  has  two  out  of  14  public  representatives. 

It  is  unclear,  even  to  some  of  the  people  in  the  Office  of  Recombinant  DNA 
Research,  how  many  of  these  members  have  been  involved  in  recombinant  DNA 
research  themselves.  It  is  clear  that  there  is  no  adequate  public  repre- 
sentation on  that  Committee.  It  is  also  clear  that  there  is  nobody  there 
who  has  experience  in  writing  regulations,  or  writing  legislation  that 
later  has  to  be  transformed  into  law.  That  might  be  some  type  of  expertise 
that  should  be  included  on  the  Committee.  I think  that  we  should  have 
public  representation  on  the  subcommittee,  the  recombinant  DNA  subcommittee 
that  is  responsible  for  revising  these  Guidelines.  But  despite  what  I have 
said,  I would  urge  you  all  to  try  and  make  as  much  as  you  can — the  public 
representatives  here — as  much  as  you  can  of  the  opportunity  that  has  been 
given  you,  and  to  strongly  critique  and  go  over  what  is  being  presented. 

Thank  you. 

MR.  HELMS:  I might  ask  you  the  same  thing  that  we  asked  Ms.  Pfund, 

if  you  would  be  kind  enough  to  submit  some  language  that  you  think  would  be 
more  appropriate  and  more  enforceable.  That  might  be  useful  to  review. 

MR.  DACH : I would  be  glad  to. 

DR.  FREDRICKSON:  Dr.  Gustafson. 

DR.  GUSTAFSON:  I have  a question,  I think  for  Dr.  Fredrickson  as  well 
as  for  you.  I think  that  there  is  a difference  between  guidelines  and  law, 
and  that  the  intention  of  a guideline  is  to  put  more  responsibility  on  the 
primary  agents  involved  in  the  research,  and  try  to  claim  some  self-disci- 
pline on  their  part,  whereas  the  intention  of  law  is  to  use  external  force 
to  put  pressure  on  things. 

Now,  I would  like  to  ask  Dr.  Fredrickson  first,  if  I may,  is  that 
a meaningful  distinction  in  the  eyes  of  the  NIH  and  the  people  who  have 
developed  these? 
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DR.  FREDRICKSON:  Yes,  Dr.  Gustafson,  the  Guidelines  are  intended  to 

be  standards  for  performance.  The  legislative  proposals  that  have  been 
discussed  in  the  Congress  this  year  represent  attempts  to  embody  those 
standards  in  legislation  to  provide  what  eventually  would  be  regulations 
and  enforcement  through  the  regulatory  process.  We  are  currently  in  a 
self-policing,  self-governing,  non-legislative  mode  in  regard  to  these 
Guidelines . 

DR.  GUSTAFSON:  Could  I ask,  then,  whether  your  judgment  is  that 

that  whole  procedure  is  inadequate?  Is  there  sufficient  information  for 
you  to  believe  that? 

MR.  DACH:  I would  agree  that  legislation  is  needed  to  further  strength- 
en the  teeth  of  these  Guidelines.  Yes,  I do  feel  that  we  cannot  at  present 
trust  the  self-policing  mechanism  that  we  are  said  to  rely  on.  The  evidence 
that  was  presented  in  the  University  of  California  at  San  Francisco  case, 
where  at  the  public  hearings  one  of  the  members,  I think,  of  that  biohazards 
committee  mentioned  that  they  had  not  revealed  to  the  public  the  details 
of  what  they  had  done  for  fear  of  further  inflaming  the  public  on  this 
issue--I  think  that  that  type  of  attitude--we  haven't  seen  it  in  many  more 
places--but  I have  a feeling  it  is  there--  We  just  cannot  trust  people  to 
take  care  of  this  problem  themselves.  That  has  been  shown  to  us  time  and 
time  again  in  other  areas  where  there  is  a conflict  of  interest  between  the 
desires  of  the  individual  using  a certain  technique  or  a certain  process, 
and  public  safety. 

Also,  I would  disagree  that  the  intention  of  the  Guidelines  should 
be  left  solely  to  suggested  rules  of  procedure.  It  seems  to  me  that  they 
were  drafted  with  the  intent  of  making  sure  that  people  followed  those 
intended  rules.  There  is  mention  of  enforcement  proceedings  by  NIH,  the 
taking  away  of  grant  money  if  infractions  are— 

DR.  FREDRICKSON:  Mr.  Dach,  excuse  me,  I think  maybe  you  are  get- 

ting over  into  roles  and  responsibilities,  and  I would  like  to  reserve  our 
discussion  on  that. 

MR.  DACH:  I was  just  trying  to  answer  the  question,  but  I will  stop 

if  he  is  satisfied. 

DR.  FREDRICKSON:  We  have  other  public  witnesses  to  hear  on  this 

subject,  but  we  are  on  the  matter  primarily  of  definitions.  I want  to 
ask  Mr.  Dach  one  question,  however,  in  regard  to  that. 

You  referred  to  definitions  of  what  would  be  covered  by  the  Guide- 
lines as  they  appear  now  in  Senate  bill  S — 1 2 1 7 , I guess,  and  HR-7897.  I 
think,  just  for  the  matter  of  the  record,  did  you  mean  to  imply  that  those 
definitions  did  not  considerably  narrow  the  scope  of  what  experiments  would 
be  covered  under  the  present  Guidelines? 


[234] 


31 


MR.  DACH:  No,  I didn't  mean  to  leave  that  impression.  I mentioned 

them,  though,  to  point  out  that  the  concept  of  safety  was  central  rather 
than  the  concept  of  non-novelty. 

DR.  FREDRICKSON:  And  the  other  point  I would  like  to  make,  Mr.  Dach, 

is  that  the  record  will  be  open  for  30  more  days  and  that  I would  urge  both 
you  and  Ms.  Pfund,  who  have  directed  some  criticism  at  the  development  of 
the  Guidelines  with  respect  to  the  scientific  information,  to  ask  those 
scientists  who  have  commented  to  you  in  regard  to  them  to  please  supply  us 
with  the  scientific  background  and  their  arguments,  because  it  is  on  that 
basis  that  we  will  have  to  come  to  some  conclusions  about  this  definition. 

MR.  DACH:  I hope  to  be  able  to  persuade  them  to  do  that. 

DR.  FREDRICKSON:  I think  we  are  precisely  on  time  for  the  coffee  break, 
and  we  will  adjourn  for  exactly  15  minutes. 

(Brief  recess.) 

DR.  FREDRICKSON:  The  Committee  will  come  back  to  order  to  hear  from 

public  witnesses,  the  first  of  which  is  Dr.  Arthur  Schwartz  from  the  Univer- 
sity of  Michigan.  Dr.  Schwartz. 

DR.  SCHWARTZ:  Thank  you. 

I just  want  to  say  a few  words  about  the  preamble,  if  you  will.  I 
think  one  problem  is  the  lack  of  representation  of  dissenting  opinion,  and 
there  was  some.  I think  another  problem  is  the  lack  of  invitation  to  even 
participate  to  professionals  in  the  field  of  risk-assessment  outside  the 
field  of  microbiology.  Thirdly,  I would  like  to  simply  reaffirm  what  I 
consider  to  be  a big  problem  about  the  timing.  Once  a great  deal  of  effort 
and  expense  has  gone  into  the  publication  of  a draft,  the  ability  to  revise 
it  later  on  becomes  very  diminished,  and  I think  a very  good  example  of 
this  process  is  with  the  Rasmussen  report,  the  Reactor  Safety  Study  1400, 
which  created  a draft,  but  the  public  and  dissenting  input  into  the  draft 
was  largely  ineffective  in  changing  it  once  it  was  put  out. 

DR.  FREDRICKSON:  Are  there  questions  for  Dr.  Schwartz? 

Mr.  Hutt? 

MR.  HUTT:  Dr.  Schwartz,  do  you  have  any  specifics  about  this  lack 

of  risk-assessment? 

DR.  SCHWARTZ:  Actually,  I will  be  talking  about  the  risk-assessment 

in  the  subsequent  portions. 

MR.  HUTT:  Okay,  fine. 
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DR.  FREDRICKSON:  Any  other  comments?  If  not,  then  we  will  move  on 

to  call  Mr.  Scott  Thacher,  a graduate  student  at  Harvard.  Oh,  I am  sorry, 
Dr.  Ahmed. 

DR.  AHMED:  I have  a procedural  question  about  the  question  and  comment 

you  made.  I am  not  very  clear  about  this  yet.  Are  we  addressing  at  this 
morning's  session  the  introductory  part  of  this  document? 

DR.  FREDRICKSON:  Yes,  we  are,  Dr.  Ahmed. 

DR.  AHMED:  And  any  question  that  pertains  to  procedures  or  public 

participation  or  risk-assessment  would  be  deferred  to  different  sessions 
during  today  and  tomorrow?  Is  that  correct?  The  question  that  Mr.  Hutt, 
for  example,  just  asked? 

DR.  FREDRICKSON:  Well,  I think  if  they  bear  at  all  on  the  definition 
and  how  that  is  achieved  and  revised,  I will  leave  that  to  your  judgement. 

I am  not  sure  exactly  what  you  mean.  Don't  be  hesitant  to  raise  it,  and 
then  I can  easily  tell  you  whether  I think  that  we  ought  to  pursue  it  fur- 
ther now  or  not.  Did  you  want  to  raise  something? 

DR.  AHMED:  No,  as  we  go  along  I was  wondering  at  what  time  we  should 

raise  what  questions. 

DR.  FREDRICKSON:  We  are  still  on  the  introduction,  the  first  page 

of  the  proposed  revisions,  and  you  have  your  agenda  before  you.  We  are 
still  in  that  area. 

Mr.  Thacher. 

MR.  THACHER:  Yes.  In  addition  to  being  a graduate  student  in  biochem- 
istry, I have  been  a member  of  Science  for  the  People  of  Boston,  which  has 
been  very  interested  with  public  involvement  in  this  issue.  Dr.  Littlefield 
mentioned  the  nature  of  the  committee  which  had  written  these  Guidelines, 
and  I would  like  to  consider  that  part  of  the  introduction  and  make  some 
criticisms  of  their  makeup. 

I believe  that  the  NIH  has  not  significantly  broadened  the  Committee 
to  write  the  Guidelines  since  it  was  first  established.  The  diversity  of 
opinion  among  biological  scientists  is  not  represented  here.  I think  the 
NIH  should  request  nominees  for  its  Guidelines  committee  from,  for  example, 
the  major  groups  at  these  hearings,  industrial,  environmental,  agricultural, 
or  labor  union,  and  that  the  Committee  should  have  representatives  from 
EPA  or  NIOSH,  and  that  it  should  hold  open  hearings  on  nominees  for  these 
positions.  I think  an  important  reason  for  this  is  that  recombinant  DNA 
research  is  being  considered  an  important  arm  of  national  policy.  The 
Presidential  Advisor,  Dr.  Frank  Press,  commented  that  unemployment  in  the 
U.S.  is  perhaps  due  to  stagnant  technology,  but  today's  advances  in  things 
such  as  recombinant  DNA  research  may  change  this.  And  I think  open  hearings 
would  have  the  function  of  allowing  outsiders  to  question  whether  the 
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Guidelines  committee  sees  clearly  its  role  as  one  of  safety  and  not  also 
one  of  promotion  of  research. 

I would  like  to  make  a personal  comment  why  I think  wider  public  repre- 
sentation on  the  Committee  would  be  useful.  I say  that  I am  particularly 
grateful  to  be  able  to  speak  here.  The  first  time  I had  such  an  opportunity 
was  at  the  Falmouth  Conference  last  June,  where  I had  to  insist,  and  there 
I was  told  that  the  Falmouth  Conference  was  not  making  policy  or  revising 
the  NIH  Guidelines.  It  is  clear  that  while  they  weren't  revising  them 
directly,  they  were  setting  the  precedents  for  how  the  safety  of  recombinant 
DNA  research  should  be  considered.  I feel  that  wider  public  representation 
was  omitted  during  all  of  that  process.  This  is  important  to  include  in 
the  future. 

Those  are  all  the  comments  I have.  Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Mr.  Thacher.  Why  don't  you  just  remain 

there  a moment. 

I do  want  to  note  for  the  record  that  the  meetings  of  the  Recombinant 
Advisory  Committee  to  which  you  had  reference  are  always  open  public  meetings, 
and  notice  of  them  is  given  in  the  Federal  Register,  just  to  clarify  that 
point . 


MR.  THACHER:  My  main  consideration  is  who  is  on  that  committee,  so 

that  a scientist  such  as  myself,  who  feels  their  opinions  are  not  as  diverse 
as  biologists  generally,  knows  that  someone  who  perhaps  shares  my  view  about 
the  questions  of  safety  is  scrutinizing  the  data  first-hand. 

DR.  FREDRICKSON:  Dr.  Ahmed,  I think  you  had  a comment  or  a question. 

DR.  AHMED:  Let  me  ask  a question  and  see  how  you  react  to  the  appro- 

priateness of  this. 

DR.  FREDRICKSON:  Okay. 

DR.  AHMED:  Several  speakers  have  already  raised  the  question  about 

public  participation  in  decision-making  in  the  Guidelines,  and  then  Mr. 

Hutt  raised  the  question  of  risk-assessment  and  how  one  arrives  at  that.  I 
raise  it  now  because  it  seems  to  me  that  sooner  or  later  we  have  to  address 
this  question  about  peer  review  of  scientific  information,  particularly 
non-published  kinds  of  information  that  sort  of  circulates  within  the 
scientific  community,  but  haven't  actually  gone  through  the  rigorous  pro- 
cess of  publication,  as  Dr.  Sinsheimer  mentioned  a while  ago.  Anyone 
who  has  worked  in  the  scientific  community  knows  that  there  are  a lot  of 
preprints  that  float  around,  and  there  is  a lot  of  exchange  of  information 
at  conferences  and  other  things.  But  as  far  as  developing  such  Guidelines 
are  concerned,  on  the  NIH  level,  you  have  to  develop  some  mechanism  by 
which  the  public  out  there  can  have  access  to  information  in  the  early 
stages . 
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Secondly,  that  they  undergo  some  amount  of  peer  review  so  that  there 
is  some  credibility  to  their  information.  Dr.  Davis  mentioned  earlier  that 
as  a microbiologist  he  feels  the  hazard  has  been  grossly  exaggerated,  and 
now  there  is  some  revision  to  it.  He  mentioned  K12,  E.  coli  K-12.  The 
question  is  can  you  use  that  one  host-vector  system  to  extrapolate  to  all 
of  the  systems,  and  what  kind  of  a generic  statement  you  can  make.  I mean, 
these  are  the  sorts  of  questions  I am  posing  right  now,  and  maybe  we  should 
discuss  them  as  we  go  along. 

The  second  question  is  how  do  you  do  a risk-assessment  in  a field  of 
this  sort,  quantitatively,  for  example?  You  don't  really  have  epidemiological 
information;  you  have  models  maybe  at  best.  And  what  kind  of  peer  review 
has  that  undergone?  I mean,  that  is  the  biggest  gap  I see  in  making  any 
kind  of  public  policy  determination,  that  there  is  no  outside  involvement 
even  of  professional  people  outside  the  fields  of  molecular  biology  and 
microbiologv . 

DR.  FREDRICKSON:  I think  that  is  quite  relevant.  I would  say  that 

your  stating  this  proposition  or  this  problem  is  very  useful,  and  that  the 
Committee  will  probably  want  to  discuss  it  tomorrow  during  the  afternoon, 
when  it  will  have  that  whole  period  for  open  discussion,  expression  of 
comments,  and  so  forth.  I think  it  would  be  wisest,  perhaps,  if  you  were 
to  address  that  issue  in  specific  questions  to  witnesses  that  appear  or  to 
any  who  have  appeared  already,  in  case  you  wanted  to  clarify  the  record  or 
get  something  out  to  enrich  that  discussion  tomorrow. 

Dr.  Gustafson. 

DR.  GUSTAFSON:  Could  I ask  Mr.  Thacher  and  others  on  the  representa- 

tion, in  a written  way  to  the  Committee,  not  to  discuss  it  now,  what  sorts 
of  groups  ought  to  be  included?  My  question  comes  out  of  the  following 
consideration.  One  can  see  that  there  are  some  differences  of  judgment  on 
scientific  matters  and  the  inferences  to  be  drawn  from  them.  There  are 
other  differences  of  judgment  which  are  almost  purely  moral  differences 
of  judgment,  and  the  question  is  how  wide  a representation  and  on  what  kinds 
of  ground  would  one  select  groups  that  ought  to  be  represented  in  the  public 
participation  on  this  topic. 

MR.  THACHER:  I would  take  one  brief  example,  and  those  are  groups 

who  are  involved  with  workers'  health  and  safety,  who  are  familiar  with 
problems  of  laboratory  safety,  whose  expertise  would  be  valuable. 

DR.  FREDRICKSON:  Other  questions?  Ms.  Simring,  you  are  up  next, 

so  you  will  have  your  time  in  just  a second. 

MS.  SIMRING:  This  was  a question.  If  this  is  indeed  a meeting — and 

I hope  that  it  is — to  encourage  frank  and  honest  and  open  exchange  among 
many  different  sectors  of  society,  and  many  varying  opinions,  perhaps  this 
is  the  time  for  me  to  ask  one  question  concerning  risk-assessment,  which 
Dr.  Ahmed  raised. 

The  Federal  Register  of  October — 
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DR.  FREDRICKSON:  Wait,  Ms.  Siraring.  I don't  want  to  interrupt,  but 

why  don't  you  take  the  podium  and  ask  this  question,  and  wrap  it  into  your 
presentation,  if  you  will.  We  will  give  you  extra  time. 

MS.  SIMRING:  If  you  hold  the  timing  on  it,  thank  you. 

DR.  FREDRICKSON:  We  will  give  you  an  extra  minute  for  it.  But  wait 
Ms.  Simring,  just  a moment  please.  Are  there  other  questions  for  Mr. 

Thacher? 

DR.  BOCK:  Just  a question  about  the  form  of  the  meeting.  Was  there 

an  open  meeting,  and  how  did  you  come  to  be  invited? 

DR.  FREDRICKSON:  Would  the  questioner  give  his  name  and  identification? 

DR.  BOCK:  Robert  Bock. 

MR.  THACHER:  I knew  about  it  through  some  scientists  going.  Anony- 

mous friends  send  us  a copy  of  the  invitation.  We  drove  down  there  on  the 
second  day  and  were  kindly  allowed  to  sit  in.  But  we  were  not  invited. 

DR.  FREDRICKSON:  Would  you  identify  yourself,  please? 

DR.  KING:  I am  Jonathan  King,  from  MIT.  I was  at  the  conference, 

and  I had  to  go  to  the  chairman  and  ask  to  be  admitted.  This  was  not 
announced  by  the  normal  procedure  for  announcing  scientific  conferences, 
that  is,  in  the  scientific  journals,  Genetics  Society  of  America,  American 
Society  of  Microbiology.  It  was  private.  It  was  by  invitation  from  the 
organizing  committee.  Many  people  were  rather  upset  who  I talked  to  about 
it  to  find  out  that  a risk-assessment  conference  was  taking  place  and  they 
didn't  even  know  about  it  until  after  the  fact.  I will  speak  to  this  in  my 
present  at  ion . 

DR.  FREDRICKSON:  This  talk  we  hear  pertains  to  the  Falmouth  Con- 

ference, at  which  time  questions  about  the  safety  of  E.  col i K-12  was 
discussed,  and  reference  to  which  has  been  made  frequently  in  the  Back- 
ground to  the  Proposed  Revision,  and  which  appears  also  summarized  in  some 
extensive  degree  in  the  Environmental  Impact  Statement,  the  Yellow  Book 
which  you  have. 

Are  there  other  questions  for  Mr.  Thacher,  or  comment  from  the  Committee? 

If  not,  then  thank  you,  Mr.  Thacher. 

MR.  THACHER:  Thank  you. 

DR.  FREDRICKSON:  You  were  requested  by  Dr.  Gustafson  to  extend  somewhat 

your  suggestions  in  a written  fashion.  We  will  be  very  glad  to  receive  that 
if  you  will. 


[239] 


36 


I will  now  ask  the  next  witness,  Ms.  Francine  Simring  from  the  Friends 
of  the  Earth,  to  whom  an  extra  minute  is  accorded. 

MS.  SIMRING:  Since  this  is  the  first  opportunity  that  we  have  had 

to  have  many  other  sectors  of  society  speak  at  the  NIH,  including  myself,  I 
have  felt  that  five  minutes,  even  in  one  category,  since  we  are  not  speaking 
to  all  categories,  many  of  us,  was  not  adequate  to  address  the  more  than 
600  pages  of  materials  that  we  have  had  to  go  through,  so  I would  ask  that 
perhaps  Dr.  Schwartz'  time,  Dr.  Schwartz  from  the  University  of  Michigan, 
he  just  spoke  for  a moment  or  two,  if  the  gentlemen  who  are  heading  this 
meeting  would  allow  me  the  extra  two  or  three  minutes,  I would  most  appreciate 
it . 


DR.  FREDRICKSON:  Ms.  Simring,  you  have  six  minutes,  and  if  you  want 

to  extend  your  comments  beyond  that  you  may  please  do  so  in  writing,  or 
you  will  also  be  able  to  appear  later,  as  you  are  scheduled  to  do  so,  in 
later  sections.  So  please  do  confine  yourself  primarily,  if  you  can,  to 
the  matters  before  this  introductory  section. 

MS.  SIMRING:  Shall  I address  the  question  Dr.  Ahmed  raised  about 

risk-assessment?  It  has  been  puzzling  to  me  why,  although  in  the  Federal 
Register  of  October  of  '74  the  then-Director  of  NIH  mandated  that  the  Advi- 
sory Committee  be  set  up,  and  programs  of  risk-assessment  were  mandated 
to  that  advisory  committee.  That  was  its  main  purpose,  to  set  up  experi- 
mentation programs  to  assess  the  risks.  The  mandate  was  never  carried 
out.  It  was  to  be — in  the  Federal  Register,  it  was  listed — the  basis  for 
guidelines  on  the  research.  Instead,  risk-assessment  was  not  carried  out, 
and  guidelines  were,  without  risk-assessment,  set  up. 

My  question  is,  since  we  are  being  frank  and  honest  here,  why  was 
that  mandate  jettisoned  and  never  carried  out? 

DR.  FREDRICKSON:  Are  you  addressing  that  comment  to  me? 

MS.  SIMRING:  To  any  of  the  Recombinant  Advisory  Committee,  to  yourself, 

or  any  other  person  who  might  be  able  to  answer. 

DR.  FREDRICKSON:  Why  don't  you  continue,  Ms.  Simring,  and  wait  until 

the  end,  when  the  Committee  can  develop  questions  or  further  comments  to  you 
after  you  have  completed  your  presentation. 

MS.  SIMRING:  Well,  I won't  be  addressing  this  risk-assessment  question 

in  my  talk,  so  this  might  be  the  most  propitious  moment  for  it. 

DR.  FREDRICKSON:  I think  the  record  will  show  that  you  have  raised 
a question  about  the  definition  of  risk-assessment,  and  that  will  be  taken 
into  account  in  interpreting  your  further  remarks. 

MS.  SIMRING:  I concede  to  your  comments. 
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We  appreciate  the  extensive  work  that  has  obviously  gone  into  the  prep- 
aration of  this  meeting  under  pressures  of  many  kinds  from  many  sources. 

You  know,  I wish  that  there  were  someone  who  could  make  me  recombinant 
spectacles  that  would  make  me  comfortable  for  near  and  far. 

I would  like  to  state  for  the  record,  however,  that  because  of  the 
portentous  scope  of  this  issue,  that  my  presentation  today  is  far  from 
its  completion,  for  I received  the  necessary  National  Institutes  of  Health 
documents  which  consist  of  some  more  than  500  or  600  pages  only  within  the 
last  two  weeks.  It  was  not  possible  for  me,  and  I daresay  for  many  others 
as  well,  to  read,  digest,  compare,  and  evaluate  the  copious  materials  and 
to  shape  them  into  the  designated  areas  of  discussion  in  so  short  a period 
of  time. 

Although  Friends  of  the  Earth  has  been  involved  in  this  issue  for 
almost  two  years,  and  in  correspondence  with  Dr.  Fredrickson  for  not  much 
less  than  that,  we  had  to  request  by  telephone  that  these  documents  be  sent 
to  us.  It  is  most  regrettable  that  the  NIH  did  not  select  alternatives 
such  as  earlier  and  wider  distribution  of  materials  to  insure  adequate 
preparation  time,  or  a later  date  for  this  meeting  in  order  to  provide 
adequate  preparation  time  for  us  all  on  many  sides  of  the  issue.  I urge, 
therefore,  that  the  NIH  extend  its  time  limit  for  comment  so  that  those  who 
are  submitting  written  testimony  can  give  these  documents  their  due  measure 
of  time  and  concentration. 

Unfortunately,  haste  in  many  forms  has  not  been  a stranger  to  the  course 
of  recombinant  DNA  research.  The  New  York  Times,  Business  Week,  and  the 
Report  on  International  Activities  by  the  Interagency  Committee  of  November 
attest  to  the  rapidity  with  which  commercial  development  has  been  proceeding, 
despite  continuing  controversy,  despite  lack  of  regulation,  despite  Guideline 
violations  engendered  in  part  by  competitive  haste,  and  despite  lack  of  the 
classic  sort  of  evidentiary  data  that  has  traditionally  been  the  hallmark  of 
scientific  investigation.  The  haste  to  push  ahead  has  led  at  times  to  omis- 
sion of  standard  scientific  canon,  and  to  the  use  of  informal  and  incomplete 
commentary.  For  example,  a letter  to  Dr.  Fredrickson  informally  reporting  on 
the  Falmouth  Conference  by  Chairman  Sherwood  Gorbach  was  used  as  a basis  for 
the  proposed  revised  Guidelines  and  for  other  actions,  yet  the  Gorbach  letter 
does  not  indicate  the  sense  of  concern  expressed  at  the  Falmouth  meeting  that 
E.  coll  K-12  might  transfer  its  foreign  genetic  material  to  wild  E.  coli 
strains  and  to  other  species  in  the  human  gut.  Indeed,  Dr.  Gorbach  closes 
his  letter  with  the  statement  that  further  investigation  should  be  of  high 
priority.  We  would  like  to  indicate  that  letters  illustrating  these  points 
by  Dr.  Bruce  Levin  of  the  University  of  Massachusetts,  Dr.  Richard  Goldstein, 
of  Harvard  Medical  School,  and  Dr.  Jonathan  King  of  MIT  were  sent  to  Dr. 
Fredrickson,  yet  none  of  this  correspondence  was  included  as  reference  along 
with  the  others  concerning  the  Falmouth  Conference  which  is  listed  in  the 
Green  Book. 

Similarly,  another  basis  for  the  revision  of  the  Guidelines,  the  Chang- 
Cohen  experiment,  is  not  balanced  with  references  to  peer  criticisms  which 
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are  available.  Barbara  Rosenberg  of  Sloan-Ketter ing  Institute,  Dr.  Burke 
Zimmerman's  Report  on  Recombinant  DNA  for  the  House  Subcommittee  on  Health, 
these  are  just  two  of  the  criticisms  that  are  available. 

In  addition,  until  the  Curtiss  views  and  data  on  the  transfer  of  foreign 
DNA  are  published  and  subjected  to  independent  criticism  and  experimentation, 
we  must  await  the  resolution  of  their  status.  The  NIH  justification  cannot  be 
termed  complete  without  consideration  of  alternative  views,  further  notwith- 
standing the  absence  of  an  officially  accepted  transcript  of  the  Falmouth 
Conference,  and  of  publication  of  data  by  Curtiss  and  others.  The  Recom- 
binant DNA  Advisory  Committee  approved  on  June  23  the  proposed  revised 
Guidelines.  We  question  how  the  Falmouth  Conference  can  be  used  as  justi- 
fication for  these  revisions  when  the  revisions  were  approved  on  the  very 
day  following  the  Falmouth  Conference.  Whatever  else  the  proposed  revised 
Guidelines  are  based  on,  it  could  not  have  been  the  formal  results  of  the 
Falmouth  Conference. 

The  proposed  revised  Guidelines  for  Recombinant  DNA  Research  would 
generally  relax  containment  standards,  limit  their  applicability  to  novel 
recombinant  DNAs , and  provide  the  NIH  with  virtually  unlimited  power  to 
bestow  exemption  from  those  Guideline  requirements.  But  we  have  not  yet 
been  convinced  that  the  original  Guidelines  of  June  of  '76  were  adequate 
to  their  purpose,  nor  do  we  believe  that  there  has  been  sufficient  risk- 
assessment  to  warrant  relaxation  of  the  Guidelines  at  this  time. 

One  last  point,  if  I may,  indicative  perhaps  of  the  NIH's  approach 
to  developing  safeguards,  thus  far  is  the  apparent  failure  to  consider 
the  options  of  perhaps  more  stringent  as  well  as  less  stringent  standards. 

This  approach  is  exemplified  by  the  provisions  in  the  Guidelines  which 
permit  exemptions  from  standards  under  specified  circumstances,  but  do 
not  provide  for  further  restrictions  should  this  be  warranted  or  needed. 

DR.  FREDRICKSON:  Thank  you,  Ms.  Simring.  Will  you  remain  at  the 

podium? 

Mr.  Hutt. 

MR.  HUTT:  Could  you  give  us  some  idea  how  much  additional  time  you 

are  asking  for  when  you  said  that  the  record — 30  days  for  additional  comment 
was  not  sufficient? 

MS.  SIMRING:  I would  like  people  here  to  contribute  too.  I think 

at  least  another  month. 

MR.  HUTT:  And  you  would  in  that  time — you  believe  that  you  would 

be  able  to  gather  together  all  of  the  information  that  you  would  wish  to 
present? 

MS.  SIMRING:  I would  think  so.  If  there  are  people  who  work  a lit- 
tle more  slowly  or  who  have  more  heavy  commitments  in  other  areas,  perhaps 
they  would  like  more  time. 
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MR.  HUTT:  Thank  you. 

DR.  FREDRICKSON:  Are  there  other  questions  or  comments  for  Ms.  Simring? 

If  not,  thank  you  very  much,  Ms.  Simring. 

We  move  now  to  discussion  of  the  matter  of  physical  containment,  the 
next  stage  down  the  path  of  the  published  proposed  revisions. 

DR.  WRIGHT:  Excuse  me,  Dr.  Fredrickson,  some  of  us  would  like  to 

make  comments. 


DR.  FREDRICKSON:  I am  sorry,  would  you  identify  yourself?  You  are 

Susan  Wright? 


gan. 

DR. 

DR. 

DR. 

we  would 

DR. 

King 

DR. 

and 

DR.  WRIGHT:  Assistant  Professor  Wright,  of  the  University  of  Michi- 

DR.  FREDRICKSON:  The  University  of  Michigan,  yes. 


DR.  SHAW:  We  can't  hear  you. 


introduction,  and  we  would  like  to  do  that  if  possible. 


DR.  MC  CARTHY : It  was  my  understanding  that  Dr.  King  wanted  to  talk 

on  physical  containment,  but  if  you  prefer  now  I have  no  objections. 


DR.  KING:  It  would  probably  be  more  appropriate  to  talk  about  the 

introduct ion . 

DR.  CHILTON:  I have  comments  also  on  the  introduction. 

DR.  FREDRICKSON:  Fine.  Do  you  prefer  to  appear  now,  Dr.  King? 

DR.  KING:  Yes. 

DR.  FREDRICKSON:  All  right,  we  will  continue  on  this  matter  of  the 

introduction,  the  public  witnesses.  This  is  Dr.  Jonathan  King  from  MIT. 

DR.  KING:  I am  pleased  to  have  the  opportunity  to  address  these 

hearings.  I am  kind  of  substituting  for  Richard  Goldstein  of  Harvard,  who 
couldn ' t make  it . 

The  Recombinant  DNA  Program  Committee  and  the  Recombinant  DNA  Office 
have  worked  long  and  hard,  often  buffeted  by  pressures  from  many  direc- 
tions. Their  work  has  been  difficult  and  demanding,  and  they  deserve  our 
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thanks.  However,  the  primary  role  of  these  hearings,  and  of  the  Guidelines 
themselves,  is  to  safeguard  the  population  and  the  ecosystem  from  avoidable 
harm,  and  it  is  to  the  performance  of  this  charge  that  our  attention  must  be 
turned 

Now,  applications  of  recombinant  DNA  technology  are  rapidly  and  continu- 
ously proliferating.  More  and  more  DNA  sequences  from  an  increasing  variety 
of  organisms  are  being  introduced  into  bacteria,  new  vectors  are  being  de- 
veloped, new  hosts  are  being  introduced,  more  and  more  institutions  are  sites 
of  this  activity.  As  the  generation  of  hybrid  organisms  proliferates,  so  will 
the  potential  hazards.  The  gap  between  the  construction  of  chimeric  E.  coli 
strains  and  their  commercial  exploitation  is  rapidly  decreasing,  as  is  evident 
from  the  article  in  the  current  edition  of  Business  Week  on  somatostatin, 
which  talks  about  the  rapid  movement  of  this  into  production. 

Note  that  the  potential  hazard  of  rapidly  introducing  altered  organ- 
isms into  the  environment  differs  from  that  associated  with  the  introduction 
of  new  chemicals.  Chemicals  are  not  self-reproducing.  If  by  accident, 
oversight,  ignorance,  or  negligence  chimeric  organisms  do  reach  the  en- 
vironment and  prove  deleterious,  they  cannot  be  cleaned  up.  Stopping  their 
production  will  not  necessarily  stop  their  spread  or  reproduction  in  the 
ecosystem.  It  is  precisely  because  of  this  potentially  irreversible  char- 
acter that  many  of  us  have  been  singularly  concerned  about  this  technology, 
in  which  the  altered  agents  can  reproduce  themselves. 

I should  say  in  general  my  own  source  of  concern  over  health  hazards 
is  not  on  the  conversion  of  E.  coli  K-12  to  a pathogen,  but  to  the  trans- 
fer of  foreign  DNA  sequences  into  wild  strains  of  E.  coli  which  are  already 
adapted  to  some  particular  niche  in  the  ecosystem,  whether  the  intestinal 
tract  of  chickens,  the  urinary  tract  of  human  females,  or  disposal  sites 
labeled  Clean  Land  Fill.  I note  that  hospital-acquired  E.  coli  infections 
are  an  increasing  health  problem  in  the  United  States,  and  they  are  gen- 
erally associated  with  antibiotic-resistant  plasmids. 

Now,  I will  identify  what  I consider  some  major  problems  and  inadequa- 
cies in  the  draft  Guidelines,  and  propose  changes.  I am  concentrating  on 
deficiencies,  not  to  deny  the  presence  of  major  improvements,  such  as  the  re- 
quirement of  a professional  biohazards  officer,  recognition  of  the  animal 
facilities  problem,  the  hint  of  dealing  with  the  antibody-resistance  problems 
But  the  major  problems  are:  One,  the  information  base  on  which  the  Guidelines 
are  drawn  are  inadequate.  In  the  drawing  up  of  criteria  documents,  for 
example,  levels  of  uranium  dust  exposure  to  miners,  Federal  agencies  usually 
first  gather  all  the  available  information  and  they  publish  it.  They  put  out 
a call,  any  of  you  out  there  who  think  you  know  about  it,  even  though  we  may 
not  know  of  your  existence,  please  come  to  our  meeting. 

The  data  base  should  be  presented  in  summary  form  at  the  beginning 
of  the  draft  Guidelines.  These  summaries  should  include  at  a minimum  the 
general  incidence  and  target  organs,  urinary  tract,  gastrointestinal  tract, 
kidney,  of  E.  coli  infections  in  the  United  States. 
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Two,  the  incidence  and  character  of  hospital-acquired  infections  in  the 
United  States.  You  go  into  the  hospital  and  you  pick  up  there  an  E.  col i in- 
fection. The  incidence  of  the  laboratory-acquired  infections  in  the  United 
States,  the  known  incidence.  Information  of  the  roots  of  infection  in  the 
above  case,  how  did  people  pick  up  these  infections?  Was  it  a puncture  wound 
Did  it  get  in  their  mustache?  The  relationships  between  plasmids,  antibiotic 
resistance,  and  pathogenicity.  A discussion  of  the  origin  of  new  disease 
strains  of  organisms;  diseases  do  show  up  in  history,  paralytic  polio,  the 
Hong  Kong  flu.  What  is  known  about  the  origin  of  these  new  strains?  Animal 
reservoirs  for  human  enteric  infections. 


Now,  the  mechanism  for  obtaining  this  information  is  very  traditional. 

It  is  through  the  organization  of  conferences  widely  publicized  in  the  scien- 
tific press,  open  to  all  those  who  have  information  to  contribute,  and  obvi- 
ously some  funding  has  to  be  provided  to  make  sure  the  conference  takes  place 

This  has  not  taken  place  in  this  arena,  and  the  proceedings  of  the  NIH 
Advisory  Committee  are  at  odds  with  the  normal  tradition  of  Federal  regula- 
tory standards  committees,  which  usually  gather  all  the  stuff  in  a big 
book,  and  then  say  on  the  basis  of  this  data  we  have  proceeded  thusly. 

The  Falmouth  was  a small,  closed  conference,  not  announced  to  the 
scientific  or  public  health  communities,  and  drawing  on  a very  small  frac- 
tion of  the  expertise  needed. 


Recommendation  one  is  that  such  a broad  conference  be  convened  prior 
to  any  further  modification  of  the  Guidelines  and  this  be  advertised  in 
the  journals. 

Problem  two  is — let  me  just  finish  problem  two,  and  then  I will  stop. 

The  failure  to  set  up  a system  to  continuously  survey  infections 
of  laboratory  workers.  Page  34  of  the  justification  document  states  that, 
"Recombinant  DNA  research  has  not  been  associated  with  a single  adverse 
incident."  This  claim  has  no  basis  in  fact  or  method.  To  determine  whether 
or  not  adverse  incidents  occurred,  you  have  to  know  what  people  who  al- 
ready get  sick  in  laboratories,  and  certainly  people  who  work  in  labora- 
tories get  sick,  what  was  the  causative  organism?  Now,  there  is  no  system 
in  the  United  States  for  recording  and  identifying  the  etiology  of  all 
laboratory-acquired  infection.  People  go  home,  they  take  hot  tea  and 
aspirin,  they  come  back  to  work,  and  they  get  well. 


DR.  FREDRICKSON:  Dr.  King,  your 

tend  your  comments  by  writing  them? 


DR. 

KING:  Yes. 

Can  I 

just  read 

DR. 

FREDRICKSON: 

No. 

Are  there 

on  his  comments? 


time  is  up.  Would  you  like  to  ex- 

the  paragraph  for  correcting  that? 
any  questions,  however,  for  Dr.  King 


Mr.  Hutt. 
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MR.  HUTT : I would  like  him  to  clarify  what  he  meant  by  "the  pro- 

ceedings of  the  Advisory  Committee  were  inadequate,"  i f he  would.  I wasn't 
quite  sure  what  the  basis  of  that  statement  was. 

DR.  KING:  Oh,  that  the  data  base — it  seems  to  me  from  my  famil- 

iarity with  other  such  Federal  agencies  that  you  first  collect  the  data 
on  which  your  judgment  is  made.  It  may  be  grossly  inadequate.  At  that 
point  you  can  say,  "Look,  clearly  not  enough  is  known  about  the  inci- 
dence of  laboratory-acquired  infections;  however,  we  have  to  proceed  with 
guidelines  anyway.  We  have  ignorance  in  this  area  and  we  will  move  to 
correct  it."  But  this  is  not  done  in  these  Guidelines.  They  don't  have 
these  basic  facts. 

MR.  HUTT:  Could  there  be  a response  from  the  Committee  on  that  as 

to  whether  they  have  compiled  the  basis  for — ? 

DR.  KING:  Well,  it  has  to  be  public,  because  unless  I can  read  it 

I don't  know  if  they  know  of  the  article  by  Myerowitz,  Medeiros,  and  O'Brian 
on  the  incidence  of  infection  in  Boston  City  Hospital,  and  if  it  is  not 
written  down,  how  is  one  to  know  whether  it  is  adequate  or  not?  My  grant 
will  not  be  renewed  on  the  basis  of  unpublished  information. 

DR.  FREDRICKSON:  We  have  time  for  one  more  question  for  Dr.  King. 

DR.  KING:  Just  one  more  thing.  This  point  of  collecting  data  on 
how  people  get  sick  in  laboratories:  this  is  not  because  they  are  get- 
ting sick  from  recombinant  DNA  organisms;  this  is  because,  in  the  absence 
of  baseline  data,  it  is  impossible  to  detect  any  differences,  and  so  the 
primary — I mean,  how  are  you  going  to  know  your  Guidelines  are  any  good 
unless  you  have  baseline  data? 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  I think  Mr.  Hutt's  point  is  fairly  fundamental  here.  Can 

someone  from  the  Committee  indicate  where  the  documents  were  that  they 
relied  on,  and  how  they  intend  to  put  this  together?  Obviously,  if  that 
is  the  way  this  is  done,  it  ought  to  be  done  in  this  case. 

DR.  FREDRICKSON:  Dr.  Helinski. 

DR.  HELINSKI:  Let  me  comment  on  this.  Number  one,  there  were  a 

number  of  references  included  with  the  first  issuance  of  the  Guidelines, 
that  supported,  we  felt,  quite  amply  the  statements  that  we  made  in  these 
Guidelines  or  the  recommendations  in  the  Guidelines. 

Secondly,  I am  a little  bit  disturbed  about  this  continued  reference 
to  the  Falmouth  meeting  and  how  we  used  this  as  the  sole  basis  for  our 
proposed  revisions.  If  you  look  in  this  Green  Book,  there  are  26  refer- 
ences. Eight  of  them — I am  sorry,  four  of  them  are  Falmouth  reports.  Two 
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of  the  four  Falmouth  reports  are  corroborating  references,  they  go  along 
with  published  references.  So  I think  we  are  getting  the  wrong  impres- 
sion here.  We  have  a strong  data  base  here,  and  at  least  18  of  the  26 
references  are  published  references,  and  only  four  of  the  26  are  from  the 
Falmouth  Conference. 

DR.  FREDRICKSON:  Thank  you. 

Dr.  Rowe,  from  the  Recombinant  Advisory  Committee  as  well. 

DR.  ROWE:  As  one  of  the  organizers  of  the  Falmouth  Conference,  this 

has  come  up  here  so  much,  if  I may  take  three  or  four  minutes  to  talk 
on  the  background  of  it,  I think  it  is  very  important  to  set  the  record 
straight . 

DR.  FREDRICKSON:  Does  the  Committee  wish  to  hear  this? 

MR.  HUTT:  Yes. 

DR.  FREDRICKSON:  Would  you  please  come  to  the  podium,  Dr.  Rowe. 

DR.  ROWE:  The  Falmouth  Conference  was  an  outgrowth  of  a realiza- 
tion by  Malcolm  Martin  and  me,  as  it  involved  people  here  at  NIH,  that  an 
amazingly  important  segment  of  the  biomedical  community  had  not  been  heard 
from  in  the  initial  discussions  on  the  subject,  and  that  is  the  people  who 
knew  what  intestinal  infection,  what  colonization  of  E.  coli  was  all  about- 
people  who  know  the  epidemiology,  the  pathogenesis,  the  serological  factors 
the  clinical  disease,  the  worldwide  biology  of  Escherichia  coli  and  other 
enteric  bacterial  infections. 

Malcolm  and  I organized  a group  of  consultants  to  come  in  to  give 
us  advice  on — primarily  for  me  as  a member  of  the  Committee — on  what  the 
Committee  should  do  about  getting  this  very  important  input  that  we  felt 
was  missing,  that  the  infectious  disease  people  had  not  yet  gotten  into 
the  debate,  where  at  this  level  of  time  the  debate  is  primarily  a problem 
in  infectious  disease.  We  called  in  people,  had  a meeting.  We  had  it 
taped  and  we  put  out  informally  the  proceedings  of  that  meeting  as  an  un- 
official transcript,  and  it  has  been  widely  disseminated.  It  is  an  inter- 
esting historical  document. 

We  realized  from  this  that  there  was  an  awful  lot  of  information — 
published  primarily,  but  in  part  unpublished — that  is  disseminated  through 
the  infectious  disease  literature  which  was  amazingly  relevant  to  the 
problems  we  were  up  against.  We  didn't  know  this:  that  people  have  tried, 

by  standard  genetic  crosses,  to  put  genes  into  E.  coli  either  to  try  to 
make  vaccines  by  introducing  serological  antigens  from  a pathogen  into 
K-12  or  to  study  what  genes  transferred  in  would  convert  it  to  a pathogen. 
We  found  out,  to  our  great  surprise,  that  they  could  not  create  a pathogen 
out  of  K-12.  We  said  this  is  very  important  information,  let's  get  broader 
input  on  it.  We  ought  to  have  a workshop. 
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The  Committee  a year  ago  commissioned  the  idea  of  a workshop  to  get 
broader  input  to  try  to  get  this  relevant  risk-assessment  data  out  in 
organized  form,  and  to  get  the  involvement  of  the  people  who  knew  this 
field.  We  had  an  organizing  committee  which  was  rather  broadly  repre- 
sentative of  experts  and  of  political  views.  We  selected  Sherry  Gorbach, 
who  had  been  one  of  the  most  clear-cut  leaders  in  this  field  of  thinking 
at  our  first  informal  consultants  group.  We  selected  him  as  a possible 
organizer  of  this  meeting;  he  accepted.  A contract  was  given  to  Tufts 
for  Gorbach  to  handle  this  under  contract.  It  was  meant  to  be  a tech- 
nical meeting  of  the  worldwide  experts  in  the  field  of  intestinal  infec- 
tion, and  what  factors  might  be  involved  in  E.  coli.  It  was  a technical, 
medical  group  of  people.  It  was  not  meant  to  be  a political  group.  It  was 
a risk-assessment  background  input  meeting. 

We  discussed  the  biology  of  E.  coli,  the  factors  that  enter  into 
whether  an  organism  will  be  an  enteropathogen  or  not,  the  different  types 
of  disease.  We  talked  about  how  recombinant  DNA  research  might  alter 
this  or  create  a pathogen  out  of  a very  nonpathogenic  organism,  what  it 
takes  to  colonize  with  E.  coli  K-12,  what  it  takes  to  get  plasmid  transfer 
in  vivo  and  in  vitro,  what  are  the  properties  of  the  new  derivative,  "non- 
mobilizable"  plasmids,  what  is  known  about  those,  what  experiments  should 
be  done  to  validate  and  fill  in  the  gaps. 

A report  was  made  to  the  Committee  by  me  on  the  day  after  the  con- 
ference, an  informal  report,  and  that  was  just  a sense  of  the  meeting. 

Because  of  the  importance  of  the  general  field,  Dr.  Gorbach  wrote  a let- 
ter. It  was  sent  to  all  the  participants,  and  the  only  comments  were  the 
three  that  were  mentioned.  There  were  no  objections  to  Gorbach's  letter 
from  anyone  that  I know  of  except  for  the  two  or  three  letters  cited  from 
Levin  and  King,  and  in  general  I don't  think  they  were  strong  criticisms. 

The  only  criticism  there  was  that  the  sense  of  whether  plasmid  trans- 
fer might  occur  in  vivo  is  imminent  or  a very  outside,  unlikely  possibility. 

The  report  of  the  meeting  in  more  formal  terms  is  in  progress.  It 
is  moving  along  very  well,  but  as  anyone  knows  who  works  with  publishing 
conferences,  it  takes  a very  long  time  to  publish  a transcript  in  an 
edited,  author-approved,  author-reapproved , and  published  manuscript. 

DR.  STETTEN : Thank  you,  Dr.  Rowe. 

MR.  HUTT : Could  we  know — when  you  say  it  is  in  progress--when  it 

will  be  available? 

DR.  ROWE:  We  have  tentative  plans  to  have  it  published  by  the  Journal 

of  Infectious  Disease  as  a formal  presentation,  hopefully  in  the  late  spring. 

MR.  HUTT:  Would  it  be  available  in  typewritten  form? 

DR.  ROWE:  Materials  are  available.  The  transcript  is  available 

for  people  to  look  at.  It  is  so  rough,  and  it  is  not  author-approved, 
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that  I don't  think  it  is  appropriate  to  distribute  it  in  its  present  form. 
This  is  still  under  the  jurisdiction  of  Gorbach,  who  is  the  contractor;  it 
is  up  to  him  to  come  up  with  a final  version.  I think  he  has  the  rights  to 
this  transcript.  It  is  a good  document;  anybody  is  welcome  to  read  it  as 
far  as  I am  concerned. 

DR.  STETTEN:  Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  I don't  want  to  sound  like  a lawyer,  but  if  I 

look  at  page  M-l  and  compare  it  with  M-6  in  the  fattest  book — 

SPEAKER:  Which  book? 

PROFESSOR  ROSENBLITH:  The  fattest  book.  I see  that  one  is  called 

a "Workshop  on  Studies  for  Assessment  of  Potential  Risks  Associated  with 
Recombinant  DNA  Experimentation,"  and  the  other  one  is  called  a "Work- 
shop on  Risk  Assessment,"  ami  I am  perfectly  well  aware  that  people  abbre- 
viate things.  I cannot  frankly  say  whether  the  list  of  participants  that 
is  being  given  reflects  broad  representation  of  disciplines,  because  what 
is  given  in  general  is  their  affiliations,  not  their  disciplinary  back- 
grounds . 

But  living  in  an  institution  in  which  risk-assessment  is,  to  say  the 
least,  a lively  issue,  I would  have  hoped  that  I would  recognize  some  of 
those  people  who  have  been  worrying  about  risk-assessments  in  other  fields. 

I know  that  it  may  well  be  that  these  people  were  available  as  consultants 
in  a different  way,  but  I do  think  that  the  issue  of  risk-assessment  from  a 
mathematical,  operations  analysis  point  of  view,  a statistical  point  of  view, 
a variety  of  other  probabilistic  techniques  that  exist  is  a very  serious  one, 
and  I would  hope  that  at  least  some  comments  will  be  invited  from  experts  in 
this  field  if  there  are  none  among  the  participants,  which  I cannot  judge. 

DR.  STETTEN:  Dr.  Sturgis. 

DR.  STURGIS:  I would  like  to  ask  Dr.  King — I gather  you  are  not  an 

M.D.,  because  you  seem  to  have  undue  confidence  in  the  ability  of  physi- 
cians to  make  a diagnosis  on  the  illnesses  of  laboratory  workers.  How 
do  you  propose  that  we  make  such  accurate  diagnoses? 

DR.  KING:  In  the  first  place,  there  sec^is  to  be  quite  a difference 

of  opinion  in  the  community  about  the  possibility  of  making  such  a diagno- 
sis. There  is  a question  of  how  much  money  one  is  willing  to  put  into 
it.  Many  people  have  told  me  it  is  impossible  to  identify  K-12  as  a caus- 
ative organism  of  infection,  which  makes  me  very  nervous  about  using  it 
if  you  can't  identify  it.  Other  people — for  example,  Dr.  Liberman,  who 
is  our  MIT  Biohazard  Assessment  Officer — has  said  no,  it  is  quite  pos- 
sible to  do  it. 

I would  like  to  say  in  general,  I agree  that  there  were  many,  many 
people  at  the  Falmouth  Conference  who  were  experts  in  this  whole  area,  but 
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what  you  haven't  heard  is  the  question  of  all  the  people  who  had  expertise 
who  weren't  there,  and  whose  arena  might  not  normally  be  considered  appro- 
priate expertise  such  as  the  identification  of  the  inadvertent  infections, 
which  is  intensely  studied  in  hospital  surgical  units,  where  it  is  a real 
problem,  and  not  intensely  studied  in  microbiology  or  by  people  who  study 
traveler's  diarrhea.  This  is  quite  a question. 

DR.  STETTEN:  I am  advised  that  time  is  running  on.  We  go  on  to  the 

next  public  witness. 

DR.  LIBERMAN:  Can  I just  make  one  quick  statement?  Professor  King 

just  referred  to  me.  I am  Dan  Liberman  from  MIT,  and  I would  like  to  make 
it  clear  initially  that  we  are  reviewing  various  methods  of  making  that 
distinction.  We  have  some  approaches.  We  have  some  methods  we  feel  may 
help  in  this  area,  but  we  are  testing  them.  We  don't  have  anything  that  we 
are  willing  to  say  works.  So  I don't  want  anyone  to  have  the  wrong  impres- 
sion here  as  to  what  the  level  of  technology  will  allow. 

DR.  STETTEN:  Dr.  Fredrickson,  we  are  up  to  the  next  public  witness. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Stetten. 

Mr.  Helms. 

MR.  HELMS:  One  point  here.  We  were  on  risk-assessment  while  you 

stepped  away.  I have  some  thoughts  on  that,  but  is  that  going  to  come  up 
at  a later  point?  Is  it  better  to  address  it — 

DR.  FREDRICKSON:  I think  it  will,  Mr.  Helms,  under  Permissible  Experi- 

ments. There  will  be  a reiteration  of  much  of  this. 

MR.  HELMS:  Because  there  have  been  a lot  of  things  said  here  that 

need  further  clarification. 

DR.  FREDRICKSON:  I think  that  we  would  be  best  advised  to  go  ahead 

with  the  public  witnesses  who  have  been  added  to  this  particular  section. 

I call  on  Dr.  Mary  Chilton.  She  is  an  invited  witness  who  wants  to 
be  added  to  this  section.  She  works  with  plants,  but  I don't  remember  where. 

DR.  CHILTON:  University  of  Washington. 

DR.  FREDRICKSON:  I apologize.  Thank  you,  Dr.  Chilton. 

DR.  CHILTON:  I would  just  like  to  address  two  points  at  which  I feel 
the  introductory  section  is  vague.  I feel  that  in  a quasi-legal  document 
of  the  kind  that  the  Guidelines  are,  that  vagueness  is  to  be  avoided  at  all 
costs.  I favor  the  idea  of  excluding  certain  kinds  of  recombinant  DNA  experi- 
ments from  regulation  by  the  Guidelines.  By  excluding  from  consideration 
a large  number  of  experiments  which  everyone  agrees  are  innocuous,  we 
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are  able  to  focus  our  attention  on  the  more  critical  issues  where  it  prop- 
erly belongs. 

However,  there  is  some  vagueness.  There  are  two  apparently  alternative 
criteria  which  are  stated  for  judging  whether  a recombinant  DNA  molecue  is 
novel  or  not.  Does  it  have  to  be  non-novel  by  both  of  these  criteria,  or 
would  only  one  criterion  suffice?  I find  that  this  point  bothers  me  im- 
mensely because  it  touches  on  my  own  research.  It  turns  out  that  we  are 
doing  recombinant  DNA  experiments  with  Ti  plasmids,  tumor-inducing  plasmids 
which  cause  plant  tumors.  It  turns  out  that  the  Ti  plasmid  can  be  coaxed  to 
grow  in  E.  col i rather  unwillingly  and  briefly.  Thus,  by  one  of  the  two 
stated  criteria,  Ti  plasmid  cloning  experiments  would  be  eligible  for  the 
excluded  list.  All  right,  if  they  don't  make  the  list,  the  alternative  if 
you  proceed  through  the  Guidelines  and  see  where  such  experiments  fall  out, 
they  would  be  judged  to  have  to  go  under  P3+EK2  containment.  So  you  see,  my 
life  hangs  by  a thread  here.  I don't  know  whether  these  experiments  will  or 
will  not  be  eligible  to  fall  on  the  excluded  list.  I find  that  this  amount  of 
vagueness  in  what  the  criterion  is  is  too  much  vagueness,  and  we  ought  to 
rectify  that  by  making  some  statement  as  to  whether  one  or  both  criteria  have 
to  be  met  by  a given  system  in  order  to  be  eligible  for  the  list. 

My  second  point  is  that  it  is  not  stated  whether  things  will  more  or 
less  automatically  go  on  to  the  list  of  excluded  experiments  or  whether 
additional  criteria  will  be  applied  by  the  Director  and  his  committee  before 
judging  that  they  belong  on  this  list.  If  Lhere  are  going  to  be  additional 
criteria  applied,  I feel  that  they  ought  to  be  stated  in  this  introduction. 

For  example,  will  the  pathogenicity  of  the  organism  being  used  as  a host  be 
of  concern  in  deciding  whether  things  should  go  on  the  list?  Would  the 
conjugative  promiscuity  of  the  plasmid  that  is  going  to  be  used  as  a vector 
be  considered?  As  an  example,  would  RP4 , which  is  a highly  promiscuous 
conjugative  plasmid  be  listed  as  a safe  cloning  vehicle  for  any  of  the  wide 
range  of  bacteria  to  which  it  can  be  transmitted  by  conjugation?  It  seems  a 
not  very  sensible  way  to  go  about  an  experiment,  but  by  the  letter  of  the 
stated  criteria  it  would  certainly  be  eligible  to  go  on  the  list. 

In  my  opinion  some  of  the  recombinant  DNA  experiments  which  would 
fulfill  the  criteria  for  exclusion  as  stated  explicitly  here,  should  never- 
theless remain  under  the  Guidelines.  As  a specific  example,  the  cloning 
of  the  Agrobacterium  Ti  plasmids,  which  we  are  working  on  in  E.  coli,  should, 
despite  the  definition,  be  considered  novel  recombinant  DNA  for  the  present 
until  the  properties  of  such  recombinant  DNA  have  been  assessed  more  care- 
fully. 

I would  like  to  see  considerable  clarification  for  the  benefit  of 
scientists  as  well  as  the  public,  of  what  range  of  experiments  we  can  now 
expect  to  find  listed  as  outside  the  Guidelines.  I support  strongly  the 
idea  of  excluding  many  experiments  which  are  generally  regarded  as  safe; 
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however,  I would  hope  that  careful  consideration  would  be  given  to  any 
potential  unusual  hazard  of  recombinant  DNA  before  judging  it  to  be  non- 
nove 1 . 

Thank  you. 

DR.  FREDRICKSON:  Thank  you  very  much,  Dr.  Chilton.  I appreciate 

getting  your  questions  and  comments  on  the  record.  We  are  going  to  return 
to  plants,  probably  specifically  to  Ti  plasmids,  later  on.  I think  that, 
if  I may,  I would  like  to  then — unless  the  Committee  is  burning  to  press 
this  issue  with  Dr.  Chilton--I  would  like  to  go  on  to  the  next — We  have 
two  more  public  witnesses  who  have  asked  to  talk  in  this  time,  and  that 
will  close  the  public  witnesses  for  the  introductory  section. 

Dr.  Susan  Wright,  from  the  University  of  Michigan. 

DR.  WRIGHT:  Thank  you,  Dr.  Fredrickson. 

My  interest  in  this  issue  is  not  so  much  in  the  technical  details. 
Obviously,  as  a historian  I do  not  feel  qualified  to  have  my  own  opinion 
about  those  details.  My  interest  is  rather  in  how  broad  policy  emerges 
from  the  kinds  of  decisions  that  we  see  being  discussed  today.  And  just 
as  important,  from  the  non-decisions  that  often  get  made  but  usually  don't 
get  discussed  or  even  reported  by  the  media.  That  is,  decisions  such  as 
the  funding.  How  much  funding  of  recombinant  DNA  research  should  go  on? 
which  will  determine  whether  we  have  a policy  of  rapid  expansion,  cautious 
expansion,  or  whatever.  And  similarly,  a decision  as  to  whether  to  consider 
the  kinds  of  policy  and  process  questions  that  are  being  raised  by  a wide 
range  of  people  outstanding  in  their  fields  in  this  debate — by  lawyers, 
physicians,  scientists,  politicians,  ethicists,  and  so  on. 

I have  in  mind  particularly  the  question  of  will  the  policy  of  rapid 
expansion  at  the  beginning  of  a new  technology  guarantee  containment  of  the 
hazards,  whatever  the  hazards  that  evolve  as  the  techniques  grow  in  power 
and  sophistication? 

Well,  I did  not  receive  the  supporting  information  that  has  been  dis- 
tributed to  this  meeting,  even  though  I and  my  colleagues  did  submit  a very 
detailed  statement  on  the  environmental  impact  statement.  Consequently, 

I haven't  prepared  a detailed  comment  for  this  meeting,  and  I would  just 
like  to  respond  briefly  to  a question  that  was  raised  earlier,  lest  it  be 
forgotten,  about  how  better  to  receive  input  from  the  public.  I take  it  by 
that  you  mean  not  only  the  people  outside  the  biological  sciences  but  the 
people  within  the  biological  sciences  who  have  advocated  a rather  different 
policy,  a policy  of  restraint  that  is  different  from  the  one  that  is  currently 
being  pursued.  I don't  think  I have  to  name  names.  I am  sure  everybody  here 
is  familiar  with  those  names  already. 

I think  there  is  already  an  excellent  mechanism.  It  is  called  the 
National  Environmental  Policy  Act.  There  have  been  two  problems  with 
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the  National  Environmental  Policy  Act  as  it  has  been  used  in  this  case, 

I think.  The  first  one  is  that  the  Environmental  Impact  Statement  appeared 
only  after  the  Guidelines  were  released,  and  a policy  of  expansion  had 
effectively  been  put  in  place.  Funding  had  gone  into  effect,  and  people 
were  doing  experiments  and  so  on. 

Secondly,  when  the  comments  were  received,  and  I think  members  of  the 
Committee  have  those  comments  in  the  large  Yellow  Book,  it  is  not  clear  to 
me  that  any  real  notice  has  been  taken  of  them.  For  example,  there  were 
very  very  detailed  comments  from  Louis  Lefkowitz,  who  is  Attorney  General 
of  the  State  of  New  York,  and  his  environmental  scientist,  Deborah  Feinberg; 
from  Dr.  Leive  of  the  NIH;  from  Dr.  Zimmerman,  who  was  then  at  the  EDF ; 
from  Dr.  Lappe  from  the  California  Department  of  Public  Health--I  believe 
he  was  then  at  the  Hastings  Institute;  not  to  mention  the  comments  that  I 
myself  and  my  colleagues  submitted  at  that  time. 

Well,  I have  read  the  revised  version  of  the  Impact  Statement.  I have 
read  over  the  revised  Guidelines  that  I did  receive,  but  there  seems  to  be  no 
reference  to  the  comments  that  were  received  on  the  draft  Environmental  Impact 
Statement  in  those  documents.  I think  good  scientific  procedure  requires  a 
response  to  all  positions  and  not  simply  to  those  that  appear  to  support  the 
proposed  revisions  to  the  Guidelines. 

Thank  you,  Dr.  Fredrickson. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Wright. 

Mr.  Hutt. 

MR.  HUTT:  Dr.  Wright,  are  you  saying  that  there  was  no  specific  ref- 

erence to  named  comments,  or  that  the  final  Environmental  Impact  Statement 
did  not  cover  the  subject  matter  involved  in  the  various  comments? 

DR.  WRIGHT:  Well,  both.  I have  had  that  document  for  a very  short 

time,  so  I did  some  spot  checking.  For  example,  Dr.  Zimmerman  raised  the 
question  of  whether  colonization  was  always  necessary  for  an  illness  to  be 
caused,  and  I don't  see  any  response  to  that  comment  in  the  Environmental 
Impact  Statement.  There  were  several  other  comments  that  I and  my  col- 
leagues raised,  and  I did  not  see  that  the  final  Impact  Statement  responded 
to  those  comments.  For  example,  I do  not  think  that  the  final  version  of 
comments  on  a policy  of  containment  in  national  facilities  has  ever  been 
in  the  NIH  process  directly  addressed  and  dealt  with,  and  I don't  consider 
the  comments  in  the  Environmental  Impact  Statement  very  satisfactory. 

Given  our  experience  from  physics — before  I became  a historian  of 
science  I was  a theoretical  physicist.  Physicists  go  happily  to  national 
facilities.  I don't  see  that  the  difference  in  discipline  is  really  a 
decisive  factor  in  arguing  that  that  cannot  happen  with  the  biological 
sc  iences . 
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DR.  FREDRICKSON:  Thank  you,  Dr.  Wright. 

Dr.  Ahmed,  you  had  your  hand  up? 

DR.  AHMED:  Yes.  Dr.  Wright  raised  an  interesting  question  of  funding 

of  NIH  research.  I was  going  to  ask  Dr.  Fredrickson  whether  you  have  a 
list  of  all  the  grantees  that  NIH  does  fund,  and  the  sums  of  money  and  so 
forth.  Do  you  have  such  an  inventory. 

DR.  FREDRICKSON:  The  list  is  available  to  you,  Dr.  Ahmed;  it  is  in 

the  Yellow  Book.  We  can  provide  you  with  the  current  list,  and  this  is 
current  as  of  the  submission  of  the  Environmental  Impact  Statement. 

DR.  AHMED:  The  question  I really  had  is  how  do  you  determine  in  the 

total  funding  that  you  have  the  relative  priorities  for  this  kind  of  re- 
search? That  was  basically  the  question  that  Dr.  Wright  is  raising.  Do 
you  have  internal  criteria  for  this? 

DR.  FREDRICKSON:  Yes,  they  are  primarily  exercised  through  the  NIH 

study  sections.  I think  that  if  we  have  time  tomorrow  we  will  take  that 
up.  We  want  not  to  fail  to  answer  your  question,  but  I do  think  that  it 
does  stray,  as  I feel  we  are  beginning  now  to  stray  considerably  away  from 
the  question  of  the  introduction. 

Are  there  any  further  questions  on  this  area  of  the  Guidelines? 

Mr.  Helms. 

MR.  HELMS:  I think  that  Mr.  Hutt's  point  ought  not  to  be  lost  here 

on  everyone.  I think  it  was  very  important  when  he  asked  was  the  sub- 
ject matter  covered,  because  if  you  are  advocating  every  time  a response 
or  a criticism  comes  in  it  must  be  explicitly  answered  in  terms,  that 
gets  us  very  much  into  briefs,  answers,  and  replies,  and  turns  it  into  a 
sort  of  a legal  process.  I think  that  everybody  ought  to  be  aware  that 
that  has  its  own  perils. 

DR.  WRIGHT:  Could  I ask,  Mr.  Helms,  I thought  that  the  National  Envi- 

ronmental Policy  Act  was  a means  of  providing  a quasi-legal  process  for 
examining  in  detail  these  particular  issues.  I may  be  mistaken  about  that. 

DR.  FREDRICKSON:  Excuse  me,  Mr.  Helms.  I would  suggest  that  the 

Committee  examine  the  Environmental  Impact  Statement,  the  final  one,  where 
the  comments  are  specifically  referenced,  and  determine  for  itself.  Per- 
haps we  can  take  this  up  further  tomorrow  if  possible,  again.  But  you  have 
the  substance  before  you  to  test  the  contentions  of  Dr.  Wright. 

MR.  HUTT : But  we  do  not  have  all  the  comments,  so  we  can't  compare 

the  comments — 
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DR.  FREDRICKSON:  Yes,  you  have  all  the  comments  in  the  Yellow  Book. 

MR.  HUTT:  That  contains  all  the  comments?  Oh,  I am  sorry,  I apologize. 

DR.  FREDRICKSON:  All  of  them  are  there. 

I think  then  I would  like  to  move  on — thank  you,  Dr.  Wright — to  the 
last  person  who  asked  to  be  a public  witness,  and  Dr.  David  Gelfand  only 
asked  for  one  minute.  Dr.  Gelfand,  I will  be  glad  to  give  you  that  time. 

Dr.  Gelfand,  would  you  identify  yourself? 

DR.  GELFAND:  I am  a research  scientist  at  Cetus  Corporation  in  Ber- 

keley. 

Most  of  what  I was  going  to  say  has  been  covered  by  Dr.  Singer  al- 
ready. I would  like  to  point  out  that  my  major  problem  with  the  revised 
Guidelines  was  the  absence  of  the  use  and  reference  to  synthetic  DNA.  Dr. 
Berg's  redefinition  covers  synthetic  DNA,  I think,  most  adequately,  es- 
pecially the  last  paragraph  on  page  84,  which  would,  by  inclusion  of  that 
paragraph,  remove  a technical  procedure,  dadT  tailing  for  cloning  E.  coli 
DNA  and  E^  coli,  from  bringing  it  back  into  the  novel  category  and  under 
the  Guidelines,  and  I think  that  is  very  essential. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Gelfand. 

Let  us  move  now  to  the  question  of  physical  containment,  and  for  that 
I would  like  to  ask  Dr.  Emmett  Barkley  of  the  National  Cancer  Institute 
to  open  the  discussion. 

DR.  BARKLEY:  Thank  you,  Dr.  Fredrickson. 

The  physical  containment  section  does  not  represent  a major  shift 
or  change  in  what  was  previously  published  in  the  1976  Guidelines.  It 
does  reflect  two  changes,  however,  that  I think  are  important.  One  deals 
with  the  organization  of  the  material  within  the  Guidelines,  and  the  second 
change  reflects  a conscious  effort  to  strive  for  more  harmonization  in 
physical  containment  practices  among  those  countries  who  are  in  the  pro- 
cess of  developing  guidelines  for  recombinant  DNA  work. 

I have  a few  slides  that  I would  like  to 'address,  and  I apologize 
to  those  at  the  front  of  the  table. 

The  organization  of  the  physical  containment  section  has  been  broken 
down  into  three  broad  categories,  one  of  laboratory  practices,  one  of  con- 
tainment equipment,  and  one  of  special  laboratory  design.  This  was  done 
specifically  to  identify  the  importance  of  these  three  areas.  The  earlier 
Guidelines,  the  1976  Guidelines,  provided  narrative  descriptions  of  labora- 
tories, and  these  were  not  often  clear  as  to  intent  of  specific  requirements 
for  laboratory  design.  The  importance  of  laboratory  practices 
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themselves  in  the  containment  of  potentially  hazardous  materials  has  been 
addressed  by  giving  that  one  particular  section.  And  the  important  area  of 
containment  equipment  has  also  been  addressed  as  a particular  area. 

The  laboratory  practices  area  is  actually  a statement  of  good  micro- 
biological practices  that  has  been  used  in  the  past  in  dealing  with  human 
pathogens.  It  has  been  adopted  for  the  purposes  of  these  Guidelines.  We 
have  spent  more  attention,  however,  in  the  revised  Guidelines  on  descrip- 
tions of  containment  equipment  and  facility  design.  I wanted  to  emphasize 
the  containment  equipment  because  this  is  the  means  by  which  the  laboratory 
worker  implements  practices  to  provide  a more  positive  containment  of 
research  materials  within  the  laboratory  setting. 

The  Guidelines  define  basically  four  levels  of  primary  containment 
which  I will  refer  to  as  minimum,  medium,  high  and  maximum.  The  minimum 
level  does  not  rely  on  containment  equipment  other  than  those  which  comple- 
ment actual  practice,  like  pipetting  aids.  But  these  are  operations  that 
are  generally  conducted  on  the  open  bench. 

At  the  medium  level,  which  is  used  at  our  P2  containment  level,  we 
rely  on  the  selective  use  of  biological  safety  cabinets.  These  are  cabi- 
nets that  are  designed  for  procedures  that  are  known  to  create  excessive 
aerosols.  The  cabinets  are  used,  therefore,  to  prevent  inhalation  expo- 
sures to  the  laboratory  worker  in  the  conduct  of  those  procedures. 

At  the  high  level  of  primary  containment  (P3),  one  uses  biological 
safety  cabinets  for  all  procedures  that  involve  the  transfer  of  biological 
materials.  This  provides  further  protection  against  inhalation  exposures, 
and  reduces  the  environment  in  which  the  materials  are  actually  handled. 

The  highest  level  of  primary  containment  is  required  under  our  P4 
level.  This  is  where  all  materials  must  be  confined  to  glove-box  systems 
that  provide  physical  isolation  of  the  agent--phys ical  separation  of  the 
agent  and  the  laboratory  worker. 

In  the  area  of  special  laboratory  design,  we  refer  to  three  basic 
types  of  laboratories.  These  laboratory  types  were  described  in  a report 
by  NIH  and  the  European  Molecular  Biology  Organization  at  a meeting  that 
was  held  in  London  in  March  of  this  year.  It  was  a meeting  in  which  phys- 
ical containment  experts  from  a number  of  European  countries  and  the  U.S. 
were  convened  to  assess  the  elements  of  physical  containment.  The  purpose 
of  this  meeting  was  not  to  define  safeguards  for  the  handling  of  recombi- 
nant DNA  molecules,  but  was  for  the  purpose  of  defining  elements  of  phys- 
ical containment  that  would  be  appropriate  for  the  handling  of  hazardous 
microbiological  materials.  I will  refer  to  them  as  basic  containment  and 
maximum  containment,  but  you  can  see  by  my  notes  that  the  descriptions  of 
a basic  laboratory  are  ones  that  would  fall  within  our  PI  and  P2  catego- 
ries, and  these  facilities  do  not  call  for  any  special  safeguards  in  their 
design.  When  we  get  to  a containment  type  laboratory  at  the  P3  level,  our 
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principal  safeguards  Chat  are  addressed  in  the  standards  relate  to  the 
access  control  of  the  laboratory,  the  manner  in  which  the  laboratory  is 
separated  from  areas  open  to  uncontrolled  flow  of  personnel,  requires  the 
use  of  air  balancing  techniques  to  provide  directional  air  flow  of  air  that 
is  used  to  ventilate  these  spaces,  and  it  requires  the  treatment  of  sur- 
faces within  the  laboratory  that  make  them  more  easily  cleanable,  so  that 
they  can  be  conditioned  in  a manner  that  would  allow  for  space  decontamina- 
tion in  the  event  of  some  adverse  accident  or  spill. 

The  maximum  containment  laboratory,  which  we  refer  to  as  P4 , involves 
an  isolated  facility  that  requires  access  through  change  room  facilities. 

It  also  has  an  air  balance  requirement  for  directional  air  flow.  It  requires 
sealed  surfaces  for  space  decontamination,  and  it  also  requires  a battery  of 
secondary  treatment  systems  for  the  treatment  of  exhaust  air,  the  treatment  of 
liquid  waste,  and  the  treatment  of  solid  waste  that  is  to  be  removed  from 
these  facilities. 

At  the  conference  in  London  that  I referred  to,  which  was  designed  in 
an  effort  to  bring  about  more  harmonization  in  the  physical  containment 
guidelines,  the  elements  of  secondary  containment,  special  laboratory  design, 
and  the  elements  of  primary  containment,  the  equipment,  were  greatly  debated. 

A concept  from  that  meeting  evolved  which  we  would  term  a physical  containment 
matrix  where  we  have  the  elements  of  a laboratory,  which  I have  across  the 
top--the  basic  containment  and  maximum  conta inment--and  the  elements  of 
primary  containment,  or  that  provided  by  containment  equipment,  on  the  far 
lef  t . 

This  matrix  addresses  the  question  of  the  use  of  these  elements  for 
the  protection  of  laboratory  workers  who  are  handling  potentially  hazardous 
materials.  I would  like  to  emphasize  that  it  was  the  consensus  of  this 
group  that  the  facility  itself  contributed  very  little  to  the  safety  of  the 
laboratory  worker.  That  depended  primarily  on  laboratory  practices  and  the 
use  of  containment  equiment.  So  one  can  see  that  the  maximum  level  of 
protection  which  is  provided  by  the  darkest  red  color  is  basically  equiva- 
lent and  is  based  on  the  primary  equipment,  the  laboratory  containment 
equipment,  and  is  basically  independent  of  the  design  of  the  laboratory 
itself. 

When  we  look  at  this  matrix,  however,  from  the  standpoint  of  protec- 
tion of  people  outside  the  laboratory  or  the  protection  of  the  environment, 
we  see  that  there  is  a dependence  on  the  use  of  primary  containment  mea- 
sures, equipment,  as  well  as  special  laboratory  design,  and  in  this  case 
our  increase  in  protection  for  the  environment  follows  a diagonal,  the 
greatest  protection  being  at  our  deepest  green  color.  So  environmental 
protection  is  dependent  on  all  three  elements  of  physical  containment — 
laboratory  practices,  the  special  laboratory  design,  and  the  containment 
equipment . 
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In  looking  at  these  elements  and  trying  to  place  the  descriptions  in 
our  revised  Guidelines  against  this  matrix,  we  can  see  that  the  PI,  P2,  P3, 
and  P4  primarily  fall  on  a diagonal  here,  each  step  providing  an  increment 
in  protection  of  the  laboratory  worker,  and  of  the  environment. 

It  was  the  consensus  at  this  meeting,  interestingly  enough,  that  this 
diagonal,  which  is  now  represented  by  our  P2,  P3,  and  P4,  is  the  most  commonly 
accepted  increase  in  gradation  of  safety  used  in  the  area  of  handling  patho- 
genic organisms.  Indeed,  the  recommendations  by  the  Center  for  Disease  Con- 
trol for  the  handling  of  human  pathogens  follows  very  closely  with  this,  in 
that  their  Class  2 agents  are  recommended  for  control  at  what  we  would  call 
P2 , their  Class  3 human  pathogens  would  be  incorporated  under  P3,  and  their 
Class  4 agents  would  be  incorporated  in  P4 . 

The  other  concept  that  came  from  this  meeting,  however,  was  that  each 
one  of  these  combinations  of  primary  and  secondary  containment  might  be 
appropriate  for  certain  types  of  experiments — that  one  need  not  just  take 
out  four  blocks,  that  they  all  have  some  value  in  the  area  of  safety.  I 
might  point  out,  if  we  take  an  agent  like  foot-and-mouth  disease,  which  is 
not  known  to  be  hazardous  to  man  but  could  create  extreme  hazard  to  domes- 
tic livestock,  that  it  is  commonly  handled  in  the  United  Kingdom  under  a com- 
bination of  a maximum  containment  facility,  because  we  need  environmental  pro- 
tection, but  under  minimum-level  primary  containment  because  of  the  lack  of 
concern  for  harm  to  the  worker.  On  the  other  hand,  the  World  Health  Organi- 
zation is  recommending  that  for  the  handling  of  smallpox  virus,  which  is 
nearly  eradicated  on  our  earth,  that  those  laboratories  that  will  be  allowed 
to  maintain  stocks  of  smallpox  will  be  handling  it  under  conditions  that 
would  be  represented  by  this  box,  where  a maximum  level  of  containment,  of 
primary  containment,  a glove  box  system  would  be  used  within  a containment 
laboratory  and  would  not  go  to  this  high  level. 

This — if  we  could  term  it  flexibility,  but  probably  more  appropriately 
an  effort  to  relate  more  closely  the  safety  needs  to  the  assessed  potential 
risk  of  the  experiment — could  use  this  type  of  matrix;  and  indeed,  in  the 
revised  Guidelines,  we  have  made  an  effort  to  try  to  provide  for  an  inter- 
change of  different  approaches  for  containment.  You  will  note  that  one  of 
the  major  changes  in  the  Guidelines  will  allow  for  experiments  that  are 
assessed  to  require  P4-level  containment — the  Guidelines  will  allow  those 
experiments  to  be  conducted  under  high-level  primary  containment  within  a 
maximum  containment  facility  if  a one-step  increase  in  biological  contain- 
ment is  provided.  So  with  that  one-step  increase  in  biological  safety,  it 
is  assumed  that  the  hazard  to  the  worker  would  be  less,  and  therefore  it 
could  be  controlled  at  a lesser,  primary  containment,  and  the  hazard  to  the 
environment  would  be  less,  so  it  could  be  maintained  under  less  restriction 
for  the  environment. 

Similarly,  for  work  that  would  be  assessed  that  would  require  our 
basic  P3  level  of  containment,  if  one  were  to  use  one  higher  step  of  bio- 
logical containment,  the  Guidelines  will  allow  the  use  of  medium-level 
primary  containment  within  a containment  facility.  On  the  other  hand,  for 
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those  experiments  that  would  use  biological  containment  at  a lower  step, 
it  would  be  allowed  in  a containment  laboratory,  provided  that  the  work  was 
conducted  in  a glove  box  system.  So  this  matrix  allows  for  matching  more 
closely  the  approaches  for  containment  that  have  been  used  in  the  past  with 
human  pathogens  to  the  particular  needs  of  experimental  design  in  the  recom- 
binant DNA  area. 

Very  quickly  I would  like  to  show  you  that  efforts  of  trying  to  achieve 
some  harmonization — What  I have  here  is  indicated:  the  matrix  boxes  that 

the  four  basic  levels  of  primary  containment  in  the  United  Kingdom  would 
fall  into;  and  you  can  see  that  they  are  near  this  center-line  diagonal;  and 
you  can  see  that  their  level  3 is  basically  the  same  type  of  facility,  but 
less  reliance  on  primary  containment,  and  this  is  consistent  with  one  of  the 
proposals  within  our  Guidelines. 

If  we  look  at  the  Canadian  system,  you  can  see  too  that  they  follow 
very  closely  within  this  diagonal,  and  I think  the  descriptions  that  we  now 
have  provide  a basis  for  more  similarity  to  be  observed  in  various  national 
guidelines  that  are  being  established.  The  Canadian  system  has  six  levels 
of  defined  containment,  and  you  can  see  how  they  run. 

If  we  could  have  the  lights,  I would  like  to  finish  by  emphasizing  a 
few  other  minor  points  that  represent  changes  in  the  proposed  revised  Guide- 
1 ines . 

At  the  PI  level,  in  the  1976  Guidelines,  safe  microbiological  prac- 
tices were  encouraged  but  were  not  required.  However,  there  was  a princi- 
ple in  those  Guidelines  that  stated  that  microbiological  safety  practices 
should  be  employed  in  ail  work,  and  what  we  have  done  at  the  PI  level  is 
basically  change  the  "shoulds"  to  "shalls"  so  that  rather  than  encouraging 
safe  microbiological  practice,  we  are  requiring  it. 

At  the  P2  level  we  are  also  requiring  the  posting  of  the  universal  bio- 
hazards sign  on  those  laboratories  when  work  at  the  P2  level  is  conducted, 
and  we  are  also  requiring  that  those  symbols  be  placed  on  refrigerators  and 
freezers  that  are  used  for  storing  these  materials  when  work  with  them  is 
not  in  active  use. 

At  the  P3  level  and  the  P4  level,  we  have  provided  guidance  in  the  area 
of  containment  of  laboratory  and  experimental  animals.  Specific  statements 
were  lacking  in  the  1976  Guidelines,  although  the  principles  were  there.  We 
have  attempted  to  provide  more  substance  to  those  principles  by  defining 
precisely  the  manner  in  which  experimental  animals  would  be  housed. 

At  the  PA  level  we  have  increased  the  age  to  18  as  a minimum  age  for 
allowing  people  to  gain  access  to  a P4  facility,  and  this  change  was  made 
only  because  it  was  felt  that  the  age  of  18  was  an  indication  more  of  a 
legal  age  than  any  age  that  we  had  specified  before.  We  have  also  included 
at  the  P4  level  a description  of  what  we  call  a containment  suit  area. 
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This  would  be  a space  in  which  a laboratory  worker  could  put  on  a totally 
enclosed,  positive  pressure  suit  that  would  allow  then  introduction  into  a 
containment  room  for  the  conduct  of  experiments  that  could  not  be  confined 
to  the  more  traditional  glove  box  systems.  This  suit  approach  has  been 
used  successfully  in  the  past  at  Fort  Detrick.  It  is  being  proposed  and 
constructed  at  the  Center  for  Disease  Control  for  work  with  lassa  virus, 
and  our  information  to  date  suggests  that  this  is  a very  positive  and  capable 
way  of  protecting  the  laboratory  worker  from  potentially  risky  experiments. 

I think  that  basically  covers  the  major  changes  and  considerations  that 
went  into  the  revision  to  the  physical  containment  section. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Barkley.  Will  you  remain  there  for 

just  a moment? 

Note  that  the  physical  containment  section  has  been  reorganized,  and 
it  incorporates  a good  deal  of  the  philosophy  and  guidance  derived  from  an 
interaction  between  NIH  and  international  experts  in  physical  containment, 
clearly  because  the  thrust  of  all  of  this  activity  must  be  toward  comity 
and  eventually  at  least  parity  in  terms  of  definitions  throughout  the  world, 
where  these  kinds  of  activities  are  going  on. 

The  most  notable  clarifications  then  have  been  made  in  matters  of 
equipment  and  special  facility  design.  There  have  been  some  mandatory 
"shalls"  substituted  for  "shoulds." 

The  EMBO  telegram  which  you  have  received  does  contain  some  refer- 
ences to  physical  containment.  Dr.  Tooze  felt  that  it  might  be  better  if 
he  dealt  with  some  of  those  under  biological  containment.  I think,  as  it 
seems  appropriate,  we  are  going  to  have  Dr.  Barkley,  and  other  commentators 
who  wish  us  to  look  at  those  EMBO  recommendations,  comment  upon  them  rela- 
tive to  the  proposed  revisions  for  the  NIH  Guidelines.  There  are  still 
some  differences,  certainly,  in  a few  definitions,  that  will  remain. 

I wonder  now  if  the  Committee  has  any  questions. 

Sir  John? 

SIR  JOHN  KENDREW:  I would  like  to  ask  about  the  very  last  point  that 

you  made,  concerning  the  positive  pressure  suits.  In  the  draft  revisions, 
as  you  have  said,  you  give  these  as  an  optional  system.  Now,  of  course,  it 
does  represent  a very  different  philosophy  in  achieving  high  levels  of 
containment,  and  I think  there  are  a lot  of  people  in  a lot  of  countries 
who  are  contemplating  constructing  such  facilities.  They  really  now  have 
to  think  out  which  approach  they  are  going  to  adopt.  Obviously  it  affects 
the  costs,  it  affects  a whole  number  of  aspects  of  the  thing. 

I must  say  that  I had  rather  hoped  that  your  Committee  would  find  it- 
self in  a position  to  make  some  more  positive  recommendations  here,  rather 
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than  simply  putting  up  the  positive  pressure  suits  as  an  option,  but  with- 
out actually  coming  out  with  recommendations  saying  which  is  better  under 
which  circumstances.  Now,  it  may  be  simply  that  one  hasn't  got  enough  exper- 
ience here  in  the  two  systems,  but  in  fact,  of  course,  there  are  a number  of 
differences  emerging  here  in  different  parts  of  the  world.  The  French,  for 
example,  are  keen  on  this  type  of  system. 

I would  like  to  ask  whether  the  Committee  feels  that  at  some  later 
stage  it  is  likely  to  be  in  the  position  to  make  more  positive  recommenda- 
tions and  expressed  preferences  for  these  systems  at  very  high-containment 
levels . 

DR.  FREDRICKSON:  Dr.  Barkley. 

DR.  BARKLEY:  That  is  a very  excellent  suggestion.  In  some  cases  the 

desirability  of  the  suit  system  has  been  based  on  a sense  of  convenience 
that  those  who  have  worked  with  those  systems  in  the  past  probably  do  not 
share.  I think  the  value  of  the  suit  system  is  really  when  one  is  dealing 
with  developing  systems  that  are  difficult  to  think  through  in  advance, 
where  you  have  a lot  of  equipment  and  a lot  of  techniques  when  you  are 
attempting  to  standardize  a particular  research  approach.  I think  it  would 
be  very  difficult  to  try  to  give  guidance  on  its  suitability  for  recombinant 
DNA  research,  but  l think  what  could  be  done  is  to  identify  those  options 
that  were  considered  by  those  who  have  used  the  systems  in  the  past.  But 
I think  in  those  areas  that  have  used  them  in  the  past,  one  would  find  that  a 
suit  area  would  be  on  the  order  of  maybe  one  percent  of  a total  containment 
space.  I think  that  gives  you  some  indication  of  the  true  suitability  for 
any  type  of  research  objective.  But  I think  we  could  translate  the  use  of 
the  considerations  in  using  suit  areas  for  other  human  pathogenic  work  as  at 
least  some  assistance  in  making  decisions  on  whether  one  should  go  that  route 
rather  than  the  route  of  glove  boxes. 

DR.  FREDRICKSON:  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  I would  like  to  ask  a question  relative  to  the  matter 

you  were  talking  about  where  you  were  discussing  the  interchangeability,  as 
it  were,  of  physical  and  biological  containment  for  certain  purposes.  It 
seems  to  me  that  can't  wholly  be  addressed  solely  from  the  point  of  view  of 
an  individual  worker  or  an  individual  laboratory,  and  that  the  hazard,  if 
there  be  a hazard,  is  clearly  also  dependent,  for  example,  on  the  number  of 
workers  and  the  number  of  laboratories.  A move,  let  us  say,  from  P3  to  P2 
greatly  increases  the  number  of  places  at  which  that  kind  of  work  can  go 
on.  And  it  seems  to  me  that  needs  to  be  considered  as  well.  If  you  don't 
believe  there  is  a hazard  you  are  probably  all  in  favor  of  that.  If  you  do, 
then  you  would  want  to  take  that  into  consideration. 

Furthermore,  it  seems  to  me  that  obviously  the  effectiveness  of  any  of 
these  procedures  depends  somewhat  on  the  attitude  of  the  workers  involved 
toward  the  procedures,  in  that  since  work  in  a P3  laboratory,  for  example, 
conveys  a physical  sense  that  you  are  doing  something  to  take  a precaution, 
it  must  create  an  impression,  therefore,  in  the  workers  that  maybe  there 
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really  is  something  to  be  concerned  about,  whereas  work  in  a P2  laboratory 
does  not  convey  that  same  sense.  What  I am  suggesting  is  that  a move  from 
P3  to  P2  can  have  a psychological  effect  on  the  care  with  which  the  workers 
carry  out  what  they  are  doing.  I think  both  of  those  should  also  be  consid- 
ered, as  well  as  just  the  simple  numerical  calculation  of  individual  risk. 

DR.  BARKLEY:  I would  just  say  building  very  sophisticated  facilities 

to  try  to  increase  awareness  may  be  a very  expensive  way  of  going  about 
increasing  awareness,  and  I think  a P2  laboratory,  where  studies  are  con- 
fined to  a safety  cabinet,  provides  more  specific  awareness  than  a bench- 
top  operation  in  a P4  facility.  But  I will  support  your  point  that  without 
the  commitment  and  the  competence  of  the  laboratory  worker,  physical  con- 
tainment by  itself  will  not  accomplish  those  objectives. 

DR.  FREDRICKSON:  Dr.  DeRoos . 

DR.  DE  ROOS : In  regard  to  the  interchangeability  question,  I think 

with  the  increased  options  for  the  laboratories  that  we  increase  also  the 
difficulty  with  implementation  through  the  whole  process  of  carrying  out 
and  through  review  committees,  institutional  biohazard  committees,  because 
they  have  more  options  to  deal  with. 

DR.  FREDRICKSON:  Dr.  DeRoos,  please  speak  up  a bit  louder.  I want  to 

be  sure  that  everyone  hears  you. 

DR.  DE  ROOS:  What  I am  wondering  about,  I guess  I hadn't  appreciated 

the  background  behind  the  options,  and  I would  encourage,  as  a comment, 
that  that  kind  of  background  be  included  as  an  appendix  to  the  Guidelines, 
because  I feel  that  that  would  be  very  useful  for  biohazards  committees  as 
they  make  decisions  regarding  the  options  that  are  available  to  them. 

DR.  FREDRICKSON:  Dr.  Ahmed. 

DR.  AHMED:  I want  to  ask  a question  about  the  couple  of  slides  that 

you  put  on  earlier.  You  mentioned  earlier  that  there  was  a desire  to  develop 
a harmonization  of  guidelines  between  various  countries,  and  you  showed  the 
matrices  on  containment.  I got  the  impression  that  the  United  Kingdom's 
system  of  containment  is  slightly  more  stringent  than  the  U.S.  Would  you 
say  that,  or  is  that  a wrong  conclusion? 

DR.  BARKLEY:  You  cannot  draw  that  conclusion  by  looking  at  their  phys- 

ical containment  descriptions.  While  the  matrices  did  show  that  their  level 
3 was  more  stringent  than  the  NIH  P3 , that  makes  only  one  point.  One  has  to 
look  at  the  experiments  then  that  are  assigned  to  their  level  3 in  trying  to 
make  some  comparison. 

DR.  AHMED:  I see. 
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DR.  BARKLEY:  And  some  of  the  experiments  assigned  to  their  level  3 are 

experiments  which  we  only  allow  at  our  level  P4 , or  prohibit  altogether. 
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MR.  HUTT:  Dr.  Barkley,  it  is  my  recollection  that  when  the  Guidelines 

were  first  proposed,  roughly  two  years  ago,  there  were  requirements  for 
good  microbiological  practices,  but  nothing  terribly  specific  in  it.  Appar- 
ently as  a result  of  the  advice  of  this  Advisory  Committee  back  when  it  con- 
sidered this  matter,  I guess  in  February  of  1976,  there  were  some  detailed 
provisions  put  in,  I believe,  in  an  appendix,  Appendix  D,  dealing  with  good 
microbiological  practices.  Those  do  not  appear  in  the  proposed  new  redraft, 
and  I would  like  the  reasons  for  the  deletion  of  those  if  indeed  there  is 
to  be  a deletion. 


DR.  BARKLEY:  You  are  absolutely  correct.  At  the  Advisory  Committee 

meeting  that  you  referred  to,  there  was  felt  a need  for  more  emphasis  on 
personnel  practices,  and  that  emphasis  was  placed  in  the  final  standard. 

The  Appendix  D was  then  a supplement  document  which  was  intended  to  provide 
more  how-do-you-do-it  information,  of  how  do  you  implement  the  principles 
in  the  standards.  They  were  not  included  in  the  current  proposed  revision 
because  they  were  not  intended  to  be  specific  requirements.  They  were  more 
a reference  document  on  certain  approaches  that  would  be  consistent  with 
those  principles.  That  is  the  main  reason  that  it  wasn't  included,  because 
it  wasn't  a particular  requirement. 

I have  been  asked,  however,  to  revise  that  Appendix  D to  include  a 
preface  which  would  indicate  its  true  purpose  and  function,  and  to  see  that 
that  Appendix,  if  it  is  the  desire  of  this  Committee,  be  again  added  back  to 
the  revised  Guidelines,  the  proposed  Guidelines. 


DR.  FREDRICKSON:  Dr.  DeRoos? 

DR.  DE  ROOS : I would  just  like  to  express  the  preference  that  it  be 

added  back  in  the  full  statement. 

DR.  FREDRICKSON:  Others  have  in  their  letters  too,  and  I quite  concur. 

Mr.  Beaty. 

MR:  BEATY:  I have  a specific  question  regarding  Class  II  biological 

safety  cabinets.  There  were  a large  number  on  the  market  before  the 
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Guidelines  even  came  into  existence,  many  of  which  claim  to  be  complying 
with  the  specifications  as  written  by  the  National  Sanitation  Foundation, 
but  many  of  which  in  fact  really  don’t,  or  if  they  did  in  an  ideal  situa- 
tion, after  installation  turned  out  not  to  comply  with  the  specifications. 

I am  wondering  if  you  planned  or  considered  at  all  requiring  some  sort 
of  certification  of  the  design  specifications  of  these  biological  safety 
cabinets  for,  say,  a P2  or  P3  facility  or  authorization  to  be  used  as  such 
by  local  biohazards  committees. 

DR.  BARKLEY:  We  are  getting  into  the  area  of  roles  and  responsibili- 

ties, where  the  local  biohazards  committees  certify  that  those  measures  for 
physical  containment  are  there  and  are  operational.  The  Guidelines  do  de- 
fine what  a Class  II  biological  safety  cabinet  is.  So  my  statement  would 
be  that  yes,  they  should  comply  in  the  certification,  and  should  be  there 
whether  it  is  needed  at  P2  or  P4 . There  is  an  effort  continuing  with  the 
National  Sanitation  Foundation  to  develop  a means  of  certifying  certifiers 
so  that  there  would  be  greater  consistency  in  how  this  might  be  done  through- 
out the  country.  But  the  standards  of  the  National  Sanitation  Foundation  are 
appropriate.  They  can  be  achieved  on  equipment  that  is  on  the  market  today. 
If  the  systems  do  not  comply  with  those  performance  requirements,  I would 
recommend  that  they  not  be  used  for  anything  other  than  sterile  assembly,  but 
certainly  not  for  containment. 

MR.  BEATY:  I guess  my  comment  then,  since  the  intent  of  what  I was 

suggesting  is  present  in  the  Guidelines,  or  the  proposed  Guidelines  is 
perhaps  that  it  can  be  made  explicitly  clear  to  local  biohazards  committees 
that  this  is  their  role,  that  they  have  to  require  a certification.  The 
word  "certification"  isn't  actually  mentioned. 

DR.  BARKLEY:  All  right.  And  I will  see  that  the  Appendix  D explicitly 

defines  the  certification  procedures  even  more  thoroughly  than  it  does  now. 

DR.  FREDRICKSON:  Dr.  Shaw. 

DR.  SHAW:  I have  a very  general  question.  Is  there  data  on  how  many 

PI,  P2,  P3,  and  P4  labs  have  been  approved  by  local  committees,  or  certi- 
fied, or  whatever? 

DR.  FREDRICKSON:  In  the  Environmental  Impact  Statement,  that  informa- 

tion is  available,  and  more  up-to-date  information  can  be  obtained. 

DR.  AHMED:  But  there  aren't  any  P4? 

DR.  FREDRICKSON:  There  are  no  P4  laboratories  in  this  country — or, 

to  our  knowledge,  abroad  at  this  time — working  on  recombinant  DNA. 

We  have  time  for  one  more  question  from  the  Committee. 
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All  right,  then,  I 
would  ask  them  again  to 
of  physical  containment 
their  five  minutes  will 


am  going  to  turn  to  the  invited  witnesses,  and  I 
be  as  specific  as  possible  in  addressing  the  matter 
in  their  presentations.  What  they  can  save  us  from 
be  gratefully  received. 


Ms.  Pfund,  I think  you  are  first. 


MS.  PFUND:  I don't  have  that  much  to  say  on  this  particular  section, 

but  one  thing  that  occurred  to  me  as  we  were  learning  about  the  various 
mechanisms  for  physical  containment  is  that  you  have  very  elaborate  grada- 
tions based  on  an  increased  degree  of  risk,  yet  when  it  comes  to  shipping 
these  materials  the  increase  in  containment  is  more  on  the  volume  of  the 
agent  rather  than  on  the  degree  of  hazard,  whether  it  is  PI  or  P4 . I am 
just  a little  concerned  that  the  regulations  don't  address  the  fact  that 
there  is  going  to  be  increased  risk  if  we  do  have  extensive  mailing  of 
these  organisms  around  the  country  and  abroad,  or  wherever.  I think  there 
ought  to  be  a little  more  control  on  the  shipping.  For  one  thing,  there 
might  be  some  way  of  making  sure  the  person  you  are  sending  it  to  also 
follows  the  Guidelines  for  this  research,  and  as  well,  maybe  increase  the 
precautions  you  take  as  the  organism  you  are  using  is  increased  in  hazard. 

I don't  see  that  anywhere  in  the  revised  Guidelines  nor  in  the  original 
Guidelines,  really,  and  I think  it  is  something  that  ought  to  be  addressed, 
because  I think  as  more  and  more  are  mailed  around — I mean,  there  is  a 
revision  in  these  Guidelines  in  that  you  are  using  Registered  Mail,  which  I 
guess  is  an  improvement,  because  it  means  that  the  people  receiving — well, 
the  sender  is  going  to  receive  notice  that  what  he  sent  has  arrived.  But 
there  is  always  the  possibility  that  it  will  arrive  in  some  state  worse  than 
it  was  sent  in.  So  I just  think  that  is  a problem  that  needs  considering. 


Also,  in  the  containment  introduction  I still  see  some  "shoulds"  in- 
stead of  "shalls,"  and  while  you  may  have  changed  some  of  the  wording  in 
the  actual  levels  of  containment,  where  you  are  talking  about  the  training 
in  aseptic  techniques  and  the  development  of  an  emergency  plan  and  the 
immunization  of  workers,  it  is  all  still  "should."  It  is  not  imperative. 

You  say  the  training  "should"  include  aseptic  techniques,  biohazards  com- 
mittees "should"  develop  emergency  plans,  and  workers  "should"  be  immunized. 

I would  suggest  that  you  make  this  a real  commitment  and  make  it  explicit 
rather  than  just  hope  for  the  best. 

That  is  about  it. 

DR.  FREDRICKSON:  Thank  you,  Ms.  Pfund. 

Is  the  Department  of  Transportation  member  of  the  Interagency  Committee 
here?  Yes.  I just  wanted  to  ask  you  a question — to  ask  you  to  think  about 
it.  With  reference  to  the  shipment,  these  Guidelines  refer  to  using  the 
Public  Health  Service  code.  In  the  EMBO  telegram  to  us,  there  is  a feeling 
that  there  should  be  an  international  procedure  developed  for  shipping  recom- 
binant DNA  molecules,  and  if  you  can't  answer  that  now,  perhaps  later  you 
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could  just  tell  us  how  do  the  International  and  the  Public  Health  Service 
codes  match  up? 

SPEAKER:  I will  have  to  get  back  to  you  later  on  that. 

DR.  FREDRICKSON:  Okay.  I wanted  to  get  that  information  sometime  as 
we  go  along. 

John  Tooze?  Is  it  in  reference  to  this  question,  John? 

DR.  TOOZE:  Yes,  to  just  what  you  have  just  said.  I think  there  are 

accepted  international  procedures  for  the  shipping  of  these  organisms,  and 
those  are  the  procedures  we  referred  to.  They  are  published  by  the  WHO. 

Since  the  United  States  is  self-supporting,  and  your  internal  postal 
regulations  and  interstate  policy  is  one  thing.  I think  the  point  was  just 
made  that  in  Europe  we  have  lots  of  national  boundaries  to  cross.  It  would 
require  the  recipient  of  any  molecule  or  organism  to  have  the  authority 
from  the  representative  of  the  local  safety  committee  that  he  has  the  appro- 
priate facilities. 

DR.  FREDRICKSON:  Okay,  we  will  get  to  this  later,  but  thank  you  for 

your  comment.  Dr.  Tooze. 

Any  question  for  Ms.  Pfund,  specifically. 

MS.  PFUND:  Can  I just  make  one  more  comment?  I think  you  have  got  to 

recognize  that  the  training  in  aseptic  techniques  is  going  to  be  one  of  the 
most  effective  ways  of  controlling  the  hazards  of  this  research,  so  that 
later  we  will  have  to  develop  some  mechanisms  for  enforcement  of  the  require- 
ments here.  I think  perhaps  in  this  section  some  provision  could  be  made 
for  establishing  some  kind  of  grievance  procedure  for  people  who  may  receive 
training  but  may  be  dissatisfied  with  the  nature  or  extent  of  that  training. 
That  is  just  a possibility. 

DR.  FREDRICKSON:  That  is  a most  pregnant  suggestion  you  just  made,  Ms. 

Pfund.  A grievance  procedure  against  whom?  The  faculty?  Do  I misinter- 
pret ? 

MS.  PFUND:  I guess  if  the  biohazards  committee  is  going  to  be  estab- 

lishing some  of  the  procedures  for  the  training,  and  since  some  of  that  will 
be  done  by  the  principal  investigator,  I would  think  the  grievance  procedure 
would  go  through  the  committee  and  then  the  committee  would  deal  with  the 
investigator  in  question. 

DR.  FREDRICKSON:  I see.  I understand.  Thank  you  very  much. 

Now,  Dr.  Ronald  Cape.  Dr.  Cape,  do  you  have  something  on  physical 
containment  ? 
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DR.  CAPE:  Dr.  Gelfand  has  a couple  of  remarks. 

DR.  FREDRICKSON:  All  right,  he  may  substitute  for  you.  His  brevity  is 

already  on  the  record. 

DR.  GELFAND:  Two  short  points.  The  revised  Guidelines  do  not  require 

an  autoclave  within  a P3  facility.  They  suggest  that  one  could  be  there, 
and  that  there  be  an  autoclave  within  the  facility  or  within  the  building. 

In  light  of  the  fact  that  there  are  several  large  pressure-cooker-type 
autoclaves  that  are  relatively  inexpensive,  we  feel  that  it  should  be  manda- 
tory to  require  an  autoclave  of  this  type  within  a P3  in  order  to  assure 
sterilization  of  all  liquid  waste  prior  to  removal. 

Second,  with  regard  to  a P4  facility  there  are  certain  types  of  double- 
door autoclaves  which  can  be  arranged  such  that  once  you  put  material  into 
the  autoclave  it  would  be  impossible  to  open  the  door  from  the  other  side 
without  it  having  gone  through  a sterilization  cycle.  That  is  not  required 
in  the  Guidelines;  we  feel  it  should  be. 

DR.  FREDRICKSON:  Dr.  Barkley,  would  you  address  Dr.  Gelfand's  first 

comment  about  the  autoclave  in  the  P3?  We  have  talked  about  this  before. 

DR.  BARKLEY:  I think  the  point  is  that  we  certainly  would  recommend 

and  encourage  an  autoclave  being  installed  within  a P3  laboratory.  We  also 
recognize,  however,  that  one  can  safely  package  waste  and  transport  it  to  a 
site  within  the  same  building  for  effective  sterilization.  So  the  fact  that 
that  can  be  done  safely  needs  to  be  considered  in  the  development  of  Guide- 
lines . 


Now,  autoclaves  are  terribly  expensive  things,  and  I would  caution  peo- 
ple about  the  statement  that  you  made  about  the  pressure  cooker.  The  pres- 
sure cooker  is  a pressure  cooker,  and  it  can  sterilize.  It  is  used  very 
effectively  to  sterilize  instruments,  but  it  should  not  be  used  to  sterilize 
contaminated  biological  waste,  because  a pressure  cooker  has  a relief  valve, 
and  that  relief  valve  serves  as  an  aerosol  generator  of  the  contaminant  that 
you  have  within  the  pressure  cooker.  So  the  pressure  cooker  is  not  a substi- 
tute for  an  autoclave  for  handling  contaminated  waste.  The  fact  that  auto- 
claves may  take  you  12  to  18  months  to  get  installed,  one  needs  to  recognize 
that  there  are  other  procedures  that  can  allow-one  to  handle  contaminated 
waste  safely  in  P3  facilities. 

DR.  FREDRICKSON:  You  had  better  get  back  to  Cetus  and  get  rid  of  that 

pressure  cooker. 

(Laughter. ) 

DR.  GELFAND:  It  is  not  a small-type  pressure  cooker.  It  is  a big 

tank  specifically  designed  for  autoclaving,  but  I will  describe  it  later. 
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DR.  FREDRICKSON:  Dr.  Chilton?  You  have  nothing  on  this  particular 

area? 

Dr.  King  has  requested  a return,  and  we  will  allow  you  that  Dr.  King, 
again  under  the  same  time  rules. 

DR.  KING:  Okay.  Of  course,  with  respect  to  physical  containment,  al- 

though the  physical  objects  are  important  it  is  the  behavior  of  the  people 
inside,  and  the  fact  that  the  people  go  in  and  out.  With  respect  to  Guide- 
lines, as  a member  of  my  safety  committee,  I find  them  unnecessarily  vague 
on  the  specification  of  training.  It  should  be  made  clear  that  all  people 
who  are  involved  in  the  techniques — for  example,  technicians,  kitchen  person- 
nel, who  may  not  spend  a lot  of  time  in  the  laboratory,  but  play  a crucial 
role  in  handling  contaminated  glassware,  students  who  are  a real  problem, 
because  they  come  in  naive  and  they  are  going  to  be  trained  in  the  process — 
they  don't  come  in  pretrained. 

I would  like  to  suggest  that  the  Guidelines  request  the  American 
Society  for  Microbiology  and  the  American  Public  Health  Association  to  col- 
laborate to  develop  a curriculum  for  appropriate  biohazard  training.  This 
could  be  in  the  form  of  a short  course,  one,  two,  three  weeks  in  duration. 
Working  in  a biohazardous  area  should  require  certification  that  you  have 
passed  such  a course.  This  is  routine  in  many  areas  of  clinical  microbio- 
logy, public  health,  and  medicine,  where  you  are  required  to  have  certifi- 
cation of  training. 

Now,  in  order  to  really  maintain  safe  practice,  the  people  working  in 
there  have  to  have  some  control  of  the  workplace.  Dr.  Barkley  is  solid, 
but  he  is  very  far  away  from  Cambridge,  and  New  Orleans,  and  Washington. 
Therefore,  the  maintenance  of  physical  safety  requires  representation  of 
the  people  working  in  the  lab  on  the  biohazard  committee.  Otherwise  there 
is  no  mechanism  for  the  continuous  flow  of  information  and  feedback  on  how 
the  facility  is  actually  operating  to  the  relevant  area.  The  authority  is 
too  far  away. 

So  the  Guidelines  should  mandate  that  all  biohazards  committees  have 
representation  of  the  workforce  who  very  often  are  not  faculty  or  students. 
They  are,  for  example,  technicians.  If  there  is  a union  present,  then  cer- 
tainly the  union  safety  committee  should  have  their  representative  on  the 
thing . 


Now,  my  last  point,  I was  disturbed  by  the  lack  of  discussion  in  these 
Guidelines,  the  lack  of — again,  as  a criteria  introduction — of  how  people 
who  work  in  laboratories  get  infections.  One  might  be  led  to  believe  that 
it  is  via  ingestion,  that  it  is  gastrointestinitis , but  of  course  it  is 
not.  It  is  cuts,  it  is  syringe,  it  is  puncture  wounds.  That,  I believe, 
was  one  of  the  primary  problems  called  attention  to  in  the  Wedum  report, 
with  the  P4  facility.  This  leads  to  bacteremia,  not  gastroenteritis,  to 
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an  internal  infection,  to  a blood  infection;  and  there  is  a great  deal  of 
experience,  and  I will  say  a great  deal  of  knowledge,  and  a great  problem 
in  hospitals  with  people  getting  E.  col i infection  from  cuts.  The  lack  of 
the  discussion  of  the  route  of  infection,  cuts,  and  penetration  leads  to  a 
raisfocus  of  the  biohazards  discussion,  which  focuses  on  ingestion,  and  has 
no  serious  discussion  of  the  problem  of  infection  through  a wound.  For  ex- 
ample, I did  not  hear  data  at  the  Falmouth  Conference  presented,  or  at  least 
in  any  reasonable  quality,  of  what  happens  when  K-12,  for  example,  or  vari- 
ous other  E.  coli  strains,  are  introduced  internally  via  a cut  or  a wound. 

It  may  not  colonize  your  gastrointestinal  tract,  but  in  the  blood  stream  it 
is  not  competing  with  wild  strains  of  E.  coli.  So  this  discussion  of  physi- 
cally how  do  people  pick  up  infections  in  the  laboratory  is  central  data  for 
formulating  the  further  data  that  need  to  be  developed. 

Also,  my  last  point,  how  does  one  monitor  performance  of  a PI , P2,  P3, 

?U  lab?  My  feeling  is  that  you  have  to  have,  one,  mandatory  reporting  of 
illness,  and  setting  up  of  a central  registry,  preferably  in  the  Center  for 
Disease  Control,  to  monitor  what  is  the  incidence  of  people  in  these  labs 
getting  sick?  Not  necessarily,  again,  from  the  organisms  that  they  are 
working  with.  They  may  be  getting  the  flu,  but  you  want  to  keep  track  of 
that.  If  you  don't  have  data  on  how  often  they  do  get  an  infection,  you 
have  no  way  of  assessing  whether  the  physical  containment  is  effective  or 
not.  You  are  just  hoping  it  is  effective.  Now,  I believe  in  hope.  I 
believe  in  doing  all  you  can  in  the  absence  of  data.  But  where  one  can 
have  data,  where  one  can  require  mandatory  reporting,  if  the  institute 
medical  committee  cannot  find  out  what  the  person  is  sick  from,  they  can 
report  "bacteria  unidentifiable,  sensitive  to  penicillin."  Okay,  fine. 

That  lets  us  know  that  somebody  did  get  an  infection  and  we  don't  know  what 
it  is.  We  will  keep  an  eye  open  for  other  infections  that  we  can't  identify 
sensitive  to  penicillin  in  similar  laboratories. 

I would  require  institutional  medical  departments  to  collaborate  with 
local  departments  of  public  health,  because  a small  institution  may  not  have 
the  medical  facilities  to  do  this,  in  trying  to  identify  the  infectious 
agent  in  laboratory-acquired  infections,  and  then  reporting  that  to  the  cen- 
tral registry. 

DR.  FREDRICKSON:  Thank  you,  Dr.  King.  You  may  stand  there,  please,  for 

comment  s . 

Dr . Sh  aw . 

DR.  SHAW:  I would  like  to  ask  Dr.  King  if  you  have  some  suggestions 

on  getting  the  baseline  or  laboratory  infections  as  controls.  It  seems  to 
me  that  if  we  were  to  use  microbiology  labs  that  are  not  doing  recombinant 
DNA  experiments  as  controls  we  would  have  a bag  of  worms  to  try  to  analyze 
and  sort  out,  and  I am  wondering  if  you  have  thought  through  this  problem 
as  to  how  we  might  get  a baseline? 
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DR.  KING:  I have  thought  through  it  very  intensively,  but  I use  a dif- 

ferent model  than  most  people.  My  model  is  the  organic  chemistry  industry, 
and  the  problem  of  proliferation  of  the  introduction  and  exposure  of  new 
organic  chemicals.  We  now  discover  that  we  do  need  to  test  chemicals  before- 
hand. We  do  need  to  have  regular  occupational  monitoring  in  any  place  that 
produces  a carcinogen.  You  have  to  keep  track  of  the  people  there. 

I think  the  laboratory  is  a workplace,  and  a laboratory  is  a workplace 
that  generates  an  extraordinary  variety  of  agents,  and  at  high  concentra- 
tions. Just  like  the  place  that  manufactures  DES,  the  workers  there  are 
exposed  to  much,  much  higher  doses  than  people  in  the  general  environment. 
Again,  in  a laboratory  you  have  exposure  to  agents  at  much,  much  higher 
concentrations  than  you  have  in  the  general  environment.  Therefore,  I think 
that  we  in  this  country  have  to  begin  keeping  track  of  the  health  of  people 
who  work  in  laboratories  generally  exposed  to  biohazards,  not  just  DNA,  and 
at  first  we  will  struggle  along  and  it  will  be  very  inefficient. 

DR.  SHAW:  Then  would  you  use  the  general  public  as  controls?  I mean, 

how  do  you  know  that  there  is  any  increase  in  infection? 

DR.  KING:  I think  you  would  have  to  look  at  geographical  and  local 

hotspots,  the  way  it  is  done  with  cancer.  And  it  would  be  difficult  to  de- 
velop— I mean,  my  feeling  of  what  is  the  control  population:  infections 

among  people  who  work  in  chemical  laboratories.  That  is  a fitting  control 
population . 

DR.  FREDRICKSON:  Dr.  Ginsberg. 

DR.  GINSBERG:  I just  wanted  to  mention  that  meeting  tomorrow  and  Sat- 

urday, the  American  Society  for  Microbiology  has  a committee  to  develop  a 
training  program. 

DR.  FREDRICKSON:  Sir  John. 

SIR  JOHN  KENDREW:  Well,  I think  the  point  about  training  programs  is 

very  important.  But  am  I right  in  supposing  that  this  really  comes  under 
roles  and  responsibilities  tomorrow  morning? 

DR.  FREDRICKSON:  It  also  comes  there. 

SIR  JOHN  KENDREW:  I believe  that  this  Committee  ought  to  develop  this 
discussion,  but  I think  that  this  isn't  the  moment  to  do  it. 

DR.  FREDRICKSON:  I think  it  probably  would  be  better  if — I look  like  I 

am  shoving  everything  under  the  rug  for  tomorrow,  but  I am  not. 

DR.  KING:  Since  I have  a class  during  the  roles  and  responsibilities 

section — 
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DR.  FREDRICKSON:  That  is  a role  and  a responsibility. 

(Laughter . ) 

DR.  KING:  My  provost  is  here. 

(Laughter . ) 

For  example,  my  own  graduate  students,  despite  the  fact  that  I have 
been  a critic  of  recombinant  DNA  research,  many  of  them  will  go  on  to  their 
career  and  they  will  be  engaged  in  recombinant  DNA  research,  and  I can  very 
closely  assess,  are  they  getting  any  training  in  this  area  of  biohazards. 

And  the  answer  is  that  they  are  getting  a Ph.D.,  and  I am  sure  that  they 
are  superior  microbial  geneticists  and  electron  microscop ist s , but  they 
don't  have  formal  training  around  laboratory  safety.  My  feeling  is  that 
nowadays,  to  get  a Ph.D.,  which  puts  you  in  the  position  of  being  a princi- 
pal investigator,  that  what  we  now  define  as  appropriate  training  should  be 
expanded,  and  if  scientists  are  going  to  take  up  their  public  responsibili- 
ty, they  have  to  be  armed  with  the  information.  With  ignorance  you  just 
cannot  be  responsible. 

Thank  you. 

DR.  FREDRICKSON:  One  more  comment?  Dr.  Szybalski. 

DR.  SZYBALSKI:  There  is  one  thing  which  you  are  missing,  Jon,  when 
you  say  somebody  could  stop  himself  with  a needle  through  the  heart,  or 
something  like  this.  This  does  not  induce  the  problem  of  communicability  of 
disease,  and  that  is  'what  we  are  worrying  about,  terrible  epidemics.  So 

that  goes  with  the  intestinal  tract. 

* 

DR.  FREDRICKSON:  I think  Dr.  King  is  going  to  return  and  say  he  is 

also  interested  in  the  worker. 

DR.  KING:  I have  never  been  worried  about  terrible  epidemics.  I never 

thought  that  those  were  likely  at  all.  I don't  think  that  is  the  problem. 

DR.  SZYBALSKI:  That  is  the  problem. 

DR.  KING:  Well,  it  depends  on  who  you  are.  To  get  stabbed  with  an  in- 
fectious agent  is  very  nasty.  Just  the  anxiety  is  a problem. 

(Laughter . ) 

DR.  FREDRICKSON:  Thank  you,  Dr.  King,  very  much. 

We  will  proceed  now  to  the  final  invited  witness  in  this  area,  Mr.  Leslie 

Dach . 
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MR.  DACH : It  pays  to  go  at  the  end,  because  then  I don't  have  to  say 

the  things  I thought  to  say.  I wish  I had  recognized  that  in  the  beginning, 
and  I wouldn't  have  taken  the  time  to  write  them  up. 

Anyway,  I wanted  to  really  reiterate  what  Jon  said  about  the  importarce 
of  training  and  the  importance  of  specifying  the  good  microbial  technique 
that  I guess  was  formerly  contained  in  Appendix  D.  The  physical  containment 
requirements  are  certainly  basic  to  the  Guidelines'  goal  of  safeguarding 
the  public  health,  and  laboratory  practices,  as  mentioned  in  the  Guidelines, 
are  a primary  defense  against  release  into  the  environment  of  these  poten- 
tially dangerous  organisms. 

Again,  however,  the  description  of  these  required  practices  is  often 
too  vague  to  really  be  a guide,  and  hard  to  monitor  and  difficult  to  enforce. 
It  is  the  story  I mentioned  before.  I am  quoting  from  the  Guidelines  where 
it  says,  "The  first  principle  of  containment  is  strict  adherence  to  good 
microbiological  practices.  All  personnel  must  be  required  to  undergo  ade- 
quate instruction."  Clearly  we  should  expect  a different  definition  of  "ad- 
equate instruction."  The  Guidelines  should  specify  this  in  detail. 

The  Occupational  Safety  and  Health  Administration  runs  across  problems 
like  this  continually  when  it  deals  with  worker  regulations  on  hazardous 
chemicals,  and  it  has  developed  ways  to  come  up  with  very  distinct  and  de- 
tailed training  manuals,  training  courses  that  have  to  be  certified,  getting 
the  information  on  how  to  use  these  chemicals  to  the  worker. 

Another  example  in  that  same  section  is  where  it  says  that  the  emergency 
plans  must  be--should  be  available.  If  an  emergency  does  occur  with  an  ex- 
tremely dangerous  organism,  it  would  seem  that  the  plan  should  probably  be 
certified  by  at  least  the  local  biohazards  committee.  Emergency  plans  can 
range  from  a little  to  a lot,  and  we  should  be  sure  that  they  are  adequate 
to  deal  with  an  emergency. 

Finally,  another  ambiguity,  or  at  least  vagueness,  is  where  it  says  at 
the  end  that  serological  monitoring,  where  appropriate,  should  be  performed. 
Maybe  that  is  clear  to  the  people  involved  in  this  research,  but  it  wasn't 
clear  to  me  whether  that  was  a decision  that  should  be  left  up  to  the  insti- 
tution or  whether  there  is  a chance  for  that  to  be  specified  in  more  detail 
in  the  Guidelines  themselves. 

I would  also  like  to  reiterate  the  point  that  as  good  as  the  special 
laboratory  facilities  or  containment  facilities  may  be,  if  people  do  not 
follow  the  laboratory  practices  they  are  going  to  take  the  dangerous  orga- 
nisms out  with  them  into  the  environment.  Even  the  best  physical  containment 
labs  have  been  shown,  time  and  time  again,  to  result  in  those  kinds  of  in- 
fections. There  was  a recent  article  in  the  New  England  Journal  of  Medicine 
about  cases  of  Rocky  Mountain  spotted  fever,  and  I am  sure  there  are  other 
examples . 
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The  difficulties  in  the  prospects  of  maintaining  good  laboratory  prac- 
tices are  really  maximized  by  the  near  impossibility  of  making  sure  that 
those  practices  are  actually  followed,  especially  among  people  who  might  not 
really  agree  that  this  research  poses  a dangerous  risk  to  the  health  and  the 
environment.  It  is  the  kind  of  thing  that  requires  care,  and  unless  you  are 
convinced  that  that  care  is  necessary,  you  are  unlikely  to  take  the  time. 
Because  we  are  undoubtedly  going  to  have  to  deal  with  people  in  that  cate- 
gory, I think  it  is  important  to  insure  that  good  monitoring  and  continual 
monitoring  occurs  of  people  doing  this  kind  of  technology.  That  kind  of 
thing  doesn't  show  up  in  the  certification.  Really,  in  the  MUA  there  is  no 
certification  that  that  kind  of  practice  will  continue. 

The  Guidelines  do  call  for  the  biological  safety  officer  to  begin  moni- 
toring this  kind  of  work,  and  I think  that  is  a good  thing.  There  have  to  be 
periodic  inspections  and  monitoring — routine,  unannounced,  periodic  inspec- 
tions. Also,  though,  there  should  be  inspections  by  non-facility  personnel. 

I think  the  conflict  of  interest  between  people  working  for  a university  with 
the  potential  for  discovering  an  infraction  that  might  result  in  termination 
of  funds  is  too  great  to  have  confidence  in  the  fact  that  they  will  always 
report  what  is  going  on.  We  need  to  have  non-inst itut ional  members  on  the 
biohazards  committee.  We  need,  as  Jon  said,  to  have  representatives  of  the 
workers.  That  again  is  somewhat  in  the  roles  and  responsibilities,  and  we 
will  discuss  that  more  tomorrow. 

Similarly,  the  penalties  for  discovery  of  possible  infraction  have  to 
be  stiff  to  be  an  incentive  for  compliance,  but  at  the  same  time  they  have 
to  be  invokable.  I think  it  is  the  first  and  a basic  rule  of  a regulatory 
agency  that  if  you  come  up  with  a penalty  that  is  outrageous,  it  is  rare 
that  it  is  ever  going  to  be  enforced  or  used.  The  only  penalty  available 
now,  it  seems,  is  removal  of  research  funds.  It  is  unlikely  that  that  is 
going  to  be  used  for  someone  who  doesn't  wash  their  hands,  or  smokes  in  the 
laboratory.  But  we  need  some  sort  of  incentive  for  those  people  to  get  at 
the  possible  violations  of  these  Guidelines. 

I have  a few  brief  comments  that  I would  like  explained  to  me  a bit 
more;  the  problem  of  putting  the  universal  biohazards  symbol  on  refriger- 
ators, I wonder  if  this  is  really  enough,  preventing  either  accidental  or 
deliberate  release  into  the  environment  of  these  organisms.  Perhaps  things 
like  that  ought  to  be  locked. 

I agree  with  the  problem  of  the  autoclaves  in  the  P3  facilities.  The 
Guidelines  only  say  that  you  have  to  keep  a durable  plastic  container.  That 
might  be  a Rubbermaid  dishpan.  Maybe  we  need  some  words  on  that. 

And  finally,  in  P3,  one  thing  that  was  confusing  to  me  was  that  it 
allows  dispersal  of  exhaust  air  into  the  environment,  but  it  cautions  you 
not  to  allow  it  to  go  back  into  the  building  from  which  it  emerged.  Maybe 
this  is  clear,  but  it  is  not  clear  to  me.  If  it  is  too  much  of  a hazard 
for  the  rest  of  the  building,  why  isn't  it  enough  of  a hazard  for  the  people 
walking  on  the  street? 
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I would  like  to  see  those  things  clarified. 


DR.  FREDRICKSON: 


Any  questions  or  comments  for  Mr.  Dach? 


Dr . Ahme  d . 

DR.  AHMED:  About  the  local  biohazards  committees,  how  is  that  spelled 
out  in  the  Guidelines?  Is  there  anything,  or  is  it  left  up  the  the  individual 
ins  t itut ions  ? 


DR.  FREDRICKSON:  I think  we  really  are  getting  now  to  roles  and  respon- 

sibilities . 


DR.  AHMED:  The  only  reason  I bring  this  up  is  because  he  wanted  a 

comment  about  non-ins t itut ional  representation  on  it. 

DR.  FREDRICKSON:  Well,  that  is  very  much  a role  and  a responsibility 

which  we  will  take  up  tomorrow.  You  will  find  that  much  later  on  in  the 
revision  and  in  the  old  Guidelines  as  well. 


Mr.  Hutt. 

MR.  HUTT:  Could  you  suggest  the  form  of  penalty  that  could  be  invoked 

for  the  more  minor  infractions? 


MR.  DACH:  I haven't  thought  this  completely  through,  but  I think 

that  some  minor  monetary  civil  penalty  might  be  imposed  for  people  found 
to  have  willful  violation  of  the  laboratory  practices. 


MR.  HUTT:  Under  what  legal  authority  could  they  do  that? 

MR.  DACH:  I am  unclear,  and  I am  not  sure  what  the  extent  of  NIH's 

authority  may  be.  I realize  that. 


MR.  HUTT:  Well,  would  you,  for  example,  think  that  a person  who  violated 

good  microbiological  practice  could  be  fired,  or  at  least  not  permitted  to 
work  any  further  on  the  experiment? 

MR.  DACH:  I think  that  is  a very  plausible  suggestion. 


DR. 


MS. 

DR. 

MS. 

DR. 


FREDRICKSON: 
PFUND : Would 

FREDRICKSON: 
PFUND:  Could 

FREDRICKSON: 


Any  further  comments  or  questions? 

Dr.  Barkley  care  to  address — 

Ms.  Pfund,  I don't  think  we  can  all  hear  you. 
Dr.  Barkley  address  Leslie's  last  question? 
About  the  air  from  the  P3  facility? 
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MS.  PFUND:  Yes. 

DR.  FREDRICKSON:  I would  like  to  have  Dr.  Barkley  just  mention  his 

view  of  that . 

DR.  BARKLEY:  Well,  this  obviously  has  been  a point  of  consideration 

for  the  last  four  years.  At  a P3  laboratory  all  work  with  potentially 
hazardous  materials  must  be  confined  to  biological  safety  cabinets.  Those 
cabinets  exhaust  air,  and  they  are  designed  to  prevent  escape  of  organisms 
into  the  environment  if  the  laboratory  worker  mi s funct ions . The  exhaust  air 
from  those  cabinets  must  be  treated  before  it  is  discharged. 

The  air  that  we  are  talking  about  exhausting  out  of  the  laboratory 
building  is  the  air  that  the  laboratory  worker  is  breathing  8 hours,  10 
hours,  24  hours  a day.  It  is  true  that  there  is  a likelihood  that  that 
air  can  become  contaminated  in  the  event  of  some  gross  spill  or  accident. 

It  was  felt,  therefore,  that  the  appropriate  way  to  see  that  the  air  that 
could  be  accidentally  contaminated  would  not  be  widely  distributed  within 
the  confined  space  of  the  laboratory  facility  would  be  to  discharge  it  out- 
side, where  it  could  be  reduced  in  number  by  the  sun,  environmental  stresses, 
dilution.  But  this  is  only  an  accidental  situation  that  that  air  is  likely 
to  become  contaminated.  We  drew  very  heavily  on  the  experience  over  the  last 
100  years  with  human  pathogens,  many  of  which  had  the  potential  of  causing 

epidemics,  and  the  situation  is  that  we  have  not  been  able  to  find  anywhere 

where  the  exhaust  air  from  any  facility  handling  highly  pathogenic  organisms, 
where  these  things  were  commonly  handled  on  the  open  bench,  had  caused  any 
insult  to  a community  by  their  discharge  outside.  So  the  method  of  taking 
the  general  ventilation  air  which  is  breathed  by  the  laboratory  worker  and 
discharging  it  outdoors  seems  to  be  an  appropriate  approach  for  dealing 
with  agents  at  a P3  level. 

When  we  are  concerned  that  in  an  accidental  situation  that  release 
must  be  prevented,  the  agent  at  that  hazard  level  would  be  confined  to  a 
P4  laboratory,  where  the  general  ventilation  of  air  is  indeed  treated. 

MR.  DACH:  I guess  I would  like  to  see  clarified  whether  the  risk 

is  as  minimal  as  you  say,  and  also  just  as  a point  of  clarification,  you 

were  talking  about  a monetary  expense  as  a rationale  for  why  it  is  not 
required . 

DR.  BARKLEY:  It  is  not  a monetary  expense.  I think  what  we  are  trying 
to  do  is  see  that  the  safeguards  that  are  employed  are  appropriate  to  the 
purpose  that  they  have.  I am  very  much  concerned  about  the  use  of  funds  to 
build  what  I call  monuments  for  biohazards  control  that  really  don't  impact 
on  the  problem.  I would  much  prefer  if  it  is  true  that  it  is  going  to  be 
costly  to  put  in  filters  on  exhaust  air  in  P2  or  P3  facilities,  I think  it 
would  be  much  more  cost-effective  to  use  those  funds  to  buy  more  hoods,  to 
jeffect  more  training  programs,  to  provide  more  space  so  that  crowding  is 
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eliminated.  I think  we  need  to  address  what  the  purpose  of  a particular 
safeguard  is  and  see  whether  it  is  appropriate  to  apply  it.  I think  fil- 
tration of  general  exhaust  air  is  an  important  function  of  experiments  that 
indeed  represent  a unique  hazard  to  a community,  and  these  types  of  studies 
should  be  confined  to  a P4-like  facility. 

MR.  DACH:  I agree  with  the  cost-effectiveness  approach.  I would 

just  like  to  be  confident  that  the  other  areas  of  containment  have  been 
pushed  to  their  cost  potential,  and  at  that  point  if  you  wanted  to  say 
that  it  was  a problem  of  allocation  of  resources,  I would  be  better  con- 
vinced than  I am  now. 

DR.  FREDRICKSON:  Dr.  Sturgis. 

DR.  STURGIS:  I would  like  to  ask  Dr.  Barkley  a question.  Are  there 

any  data  on  neighborhood  epidemics  due  to  exhaust  from  laboratories  similar 
to  the  neighborhood  epidemic  cases  of  berylliosis,  for  instance? 

DR.  BARKLEY:  Not  associated  with  laboratory  activities.  There  have 

been  cases  of  infection  in  communities  that  have  been  associated  with  lab- 
oratory operations,  but  they  have  been  where  an  agent  has  been  transmitted 
from  a diseased  laboratory  worker  to  a contact  at  home. 

MR.  DACH:  Have  people  looked  and  found  nothing,  or  they  haven't  looked? 

DR.  BARKLEY:  Dr.  Wedum,  when  he  was  alive,  did  do  a study  which  was 

contained  in  the  analysis  of  Fort  Detrick,  where  he  studied  specifically 
31  what  he  called  laboratory  microepidemics,  where  there  was  more  than 
one  laboratory-acquired  infection,  some  as  many  as  over  100  resulting  from 
explosions  of  centrifuges  that  were  in  corridors,  some  with  very  virulent 
and  resistant  organisms  like  Q fever.  He  was  not  able  to  associate  any 
incidence  of  disease  in  communities  in  studying  those  specific  microepi- 
demics in  laboratories,  but  he  did  note  that  the  safeguards  employed  in 
working  with  brucellosis,  anthrax,  or  Q fever  were  basically  safeguards 
that  we  commonly  associate  with  PI,  and  there  were  indeed  no  facility  safe- 
guards, and  indeed  no  primary  safeguards.  I think  its  presence  would  have 
been  noted. 

Now,  I can't  say  that  it  has  been  exhaustively  studied  to  show  that 
it  can  never  happen,  but  certainly  we  haven't  seen  evidence  that  it  has 
occurred . 

DR.  FREDRICKSON:  I think  that  is  probably  all  the  time  we  have  now 

for  this  discussion.  Just  to  clarify  the  record,  however,  the  last  col- 
loquy has  not  been  on  the  matter  of  infections  arising  from  recombinant 
DNA  research.  It  is  infections  in  general,  is  that  correct? 

DR.  BARKLEY:  That  is  correct. 
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DR.  FREDRICKSON:  There  are  no  known  infections  reported  from  work- 

ing with  recombinant  DNA? 

DR.  BARKLEY:  Not  to  my  knowledge. 

DR.  FREDRICKSON:  We  are  going  to  stop  for  lunch  promptly  at  1:00, 

but  we  have  five  minutes.  There  are  four  public  witnesses,  the  invited 
witnesses  having  just  been  completed.  There  are  four  public  witnesses  who 
wish  to  speak  on  physical  containment,  and  we  will  have  time  for  one  or  two 
of  those,  dependent  upon  the  amount  of  their  allotment  of  five  minutes  they 
need  to  take. 

May  I call  upon  Dr.  Schwartz  first?  Dr.  Schwartz. 

DR.  SCHWARTZ:  My  concern  is  that  the  Guidelines  are  based  on  insuf- 

ficient risk  analysis,  and  I shall  discuss  these  problems  in  greater  detail 
when  I talk  about  biological  containment,  so  I will  restrict  my  remarks  to 
problems  I see  specific  to  physical  containment  that  are  not  involved  in 
biological  containment. 

One  thing  that  I think  has  hardly  been  considered  at  all  is  the  problem 
of,  first  of  all,  improperly  designed  equipment.  We  assume  we  have  an  auto- 
clave, or  a centrifuge  or  a containment  cabinet  or  what  have  you,  that  works. 
But  that  is  not  necessarily  the  case.  We  have  lots  and  lots  of  experience  in 
this  world  with  improperly  designed  equipment.  After  100  years  the  automo- 
biles still  have  basic  flaws  in  their  design,  not  just  their  manufacture. 

This  brings  me  to  the  next  problem,  and  that  is  even  though  the  design 
may  be  sound,  the  manufacture  may  be  improper.  It  may  be  produced  properly, 
but  then  there  is  always  the  possibility  that  it  will  be  used  improperly, 
maintained  improperly,  you  could  have  everything  working  fine  and  something 
will  just  break  down;  the  equipment  just  breaks  down  for  no  particular  reason 
except  perhaps  age  or  what  have  you.  On  top  of  that  you  have  the  concern, 
when  you  make  the  risk-assessment,  you  have  to  concern  yourself  with  the 
problems  of  power  failure,  and  auxiliary  power  failures.  Do  you  have  a 
situation  that  all  too  frequently  occurs  where  you  think  you  have  backup 
equipment  but  something  comes  along  and  shuts  everything  down,  backup, 
frontup,  everything — what  is  known  as  common-mode  failures.  Both  physical 
and  biological  containment  can  be  breached  by  natural  di sasters--tornadoes 
and  fires,  and  earthquakes  and  whatnot. 

It  has  been  argued  that  experience  with  naturally  dangerous  pathogens 
has  proven  the  efficacy  of  physical  containment.  I submit  that  this  is 
an  unwarranted  conclusion.  To  begin  with,  the  containment  was  breached 
at  Fort  Detrick  and  other  places,  and  after  the  infections  were  discovered 
immunization  programs  were  increased  or  introduced.  So  the  physical  con- 
tainment alone  was  not  sufficient.  We  introduced  a form  of  biological 
containment,  in  fact.  And  there  was  some  biological  containment  in  the 
form  of  natural  immunity  already  present. 
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We  must  also  consider  when  we  review  the  experience  with  naturally 
dangerous  pathogens,  a very  important  fact,  and  that  is  when  you  are  working 
with  a known,  dangerous  pathogen  with  known,  terrible  effects,  then  you  have  a 
great  deal  more  concern  for  safety  and  a great  deal  more  adherence  to  safety 
practices  than  you  might  have  if  you  are  working  with  an  organism  which  is  not 
known  to  be  dangerous,  and  the  probability  of  its  danger  is  not  known  either. 
You  might  very  well  have  a much  more  lax  approach  to  that.  One  of  the  prob- 
lems of  this  very  conference  is  that  there  seems  to  be  being  disseminated  an 
idea  that  the  organisms  are  not  as  dangerous  as  we  thought  they  were,  and  in  a 
way  this  may  be  the  opposite  of  a self-fulfilling  prophecy.  This  very  discus- 
sion may  tend  to  work  against  that  which  we  are  predicting. 

The  prospect  of  proliferation  poses  perhaps  the  greatest  fear  in  my 
mind,  that  our  avoidance  of  catastrophe  thus  far  may  not  be  continued.  If 
tens  of  thousands  are  involved  in  DNA  technology,  researchers,  research 
assistants,  janitors,  and  so  forth,  students,  then  the  number  of  occurrences 
of  risk  will  increase  accordingly,  and  the  fact  that  the  activity  is  wide- 
spread will  work  against  careful  application  of  safety  measures.  Again, 
familiarity  breeds  contempt.  Less  experienced  and  less  thoroughly  trained 
people  will  enter  the  technology  at  all  levels.  The  experimenters  now  doing 
DNA  research  presently  represent  a highly  selected  group  who  undoubtedly  have 
work  habits  and  error  avoidance  skills  far  above  the  average.  To  develop  such 
abilities  in  an  individual  may  take  a lifetime.  The  safety  record  so  far 
accumulated  may  not  be  extended  when  recombinant  DNA  research  is  being  con- 
ducted in  every  country. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Dr.  Schwartz,  you  have  stated  that  there  are  indeed  risks. 

There  are  risks  in  most  things  that  go  on  in  scientific  endeavor,  and  indeed, 
in  non-sc ient if ic  endeavor.  I am  not  sure  what  conclusion  you  draw  from  your 
statement.  Are  you  suggesting  greater  specificity? 

DR.  SCHWARTZ:  I will  get  more  specific  as  I go  along. 

MR.  HUTT:  Well,  but  in  the  area  of  physical  containment. 

DR.  SCHWARTZ:  In  the  area  of  physical  containment  my  specific  state- 

ment is  that  the  method  of  assessing  risk  has  been  proven  insufficient. 

MR.  HUTT:  Are  you  arguing,  then,  that  there  should  be  greater  speci- 

ficity in  the  risk-assessment,  or  are  you  suggesting  that  there  be  some 
change  in  the  Guidelines? 

DR.  SCHWARTZ:  At  present,  since  we  don't  know  the  risks,  the  Guide- 

lines should  be  stricter,  not  weaker.  We  don't  know  the  risks. 

MR.  HUTT:  Do  you  have  any  specific  suggestions  of  where  the  Guidelines 

should  be  stricter? 
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DR.  SCHWARTZ:  Well,  my  personal  belief,  but  I am  far  from  the  consen- 

sus in  this  room,  I think,  is  that  there  should  be  isolation  of  laboratories 
to  begin  with. 


MR.  HUTT:  For  all  experimentation? 


DR.  SCHWARTZ:  For  the  time  being  until  a more  believable  risk-assessment 

is  available. 


MR.  HUTT:  And  that  includes  everything  from — in  other  words,  every- 

thing should  be  lumped  into  P4?  You  would  apply  P4  across  the  board?  I am 
just  trying  to  understand  where  you  come  out  as  a result  of  your  concern 
about  lack  of  risk-assessment. 


DR.  SCHWARTZ:  Well,  I would  make  the  division  that  has  been  suggested 

about  experiments  that  are  considered  by  a consensus  to  be  truly  innocuous 
and  eliminate  those,  but  that  would  require  a consensus  and  a more  open 
discussion  than  I think  has  yet  taken  place. 

Now,  if  there  is  a general  consensus  that  an  experiment  is  basically 
innocuous  and  it  can  be  proven  so,  then  I would  eliminate  that  from  the  P4 . 
But  I find  it  very  hard  to  assess  the  risk  to  distinguish  between  P3  and  P4 , 
I must  admit. 


MR.  HUTT:  How  about  between  P2  and  P4  at  the  moment. 

% 

DR.  SCHWARTZ:  I am  worried  about  that,  too.  I think  the  record — what 

I am  going  to  try  to  bring  up  in  the  next  period — the  record  of  reliability 
assessment  is  horrendous. 

MR.  HUTT:  So  basically  you  are  saying  everything  should  be  under  P4 

except  perhaps  those  that  are  exempt  totally. 

DR.  SCHWARTZ:  That  is  my  feeling,  yes. 

MR.  HUTT:  Thank  you. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Dr.  Fredrickson,  will  this  witness  appear  again  in  the  bio- 

logical containment  section?  I have  some  questions,  but  I think  perhaps  I 
could  save  them  until  then. 

DR.  FREDRICKSON:  Yes,  he  is  scheduled  to  reappear. 

MR.  HELMS:  I will  do  that,  in  the  interest  of  lunch. 

DR.  FREDRICKSON:  Are  there  any  other  comments  or  questions? 
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May  I make  one  announcement,  in  three  parts,  please?  Thank  you  very 
much,  Dr.  Schwartz. 

The  witnesses  will  please  check  with  Dr.  McCarthy  to  make  certain  that 
our  schedule  for  the  remainder  of  the  afternoon  is  accurate.  I am  talking 
particularly  about  the  public  witnesses. 

Now,  if  anyone  has  received  a parking  ticket  I want  you  to  please  con- 
tact Ms.  Garfinkle,  who  will  arrange  to  have  it  nullified,  and  then  I would 
like  you  to  return  to  me  and  tell  me  how  she  did  it. 

(Laughter . ) 

We  are  under  the  Federal  Marshal  here,  and  this  sounds  like  a new 
mirac le . 

DR.  MC  CARTHY : But  it  must  be  dated  today. 

(Laughter . ) 

DR.  FREDRICKSON:  Well,  I think  it  also  needs  to  be  added  that  it  must 

be  for  the  NIH  campus,  too. 

Those  who  have  utilized  typed  statements  have  submitted  them  to  us,  and 
there  are  Xerox  copies  of  many  of  them  now  available  in  Conference  Room  8. 

The  most  convenient  cafeteria  is  in  this  building.  It  serves  until 
1:30.  If  it  is  very  crowded  or  you  have  problems,  there  are  cafeterias  in 
the  Clinical  Center,  Building  10,  and  there  is  also  one  in  Building  1,  the 
building  with  the  columns. 

This  meeting  stands  adjourned  until  2:15  when  we  will  promptly  recon- 
vene . 

(Thereupon,  at  1:05  p.m.,  a recess  was  taken  until  2:15  p.m.,  the  same 

day.  ) 
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AFTERNOON  SESSION 


DR.  FREDRICKSON:  Ladies  and  gentlemen,  we  will  begin  our  afternoon 

session.  We  are  continuing  with  presentations  from  public  witnesses  rela- 
tive to  the  subject  of  physical  containment.  Next  to  appear  is  Dr.  Susan 
Wright.  Dr.  Wright,  are  you  ready? 

DR.  WRIGHT:  Is  this  on  physical  containment? 

DR.  FREDRICKSON:  This  is  physical  containment,  yes. 

DR.  WRIGHT:  I have  no  comment  on  this. 

DR.  FREDRICKSON:  You  have  none  on  this?  All  right. 

Then  may  we  turn  to  Ms.  Francine  Simring.  Ms.  Simring?  Ms.  Simring 
has  five  minutes. 

MS.  SIMRING:  I would  like  to  talk  about  the  interconnection  between 

the  physical-containment  levels  and  the  Environmental  Impact  Statement 
which  was  published  this  past  month  of  November.  The  National  Environmental 
Policy  Act  requires  a detailed  Environmental  Impact  Statement,  and  insures 
that  major  Federal  actions  are  not  undertaken  before,  one,  assessment  of 
risks  and  possible  benefits,  two,  exploration  of  alternatives.  This  might 
mean  alternative  procedures  or  physical-containment  levels,  et  cetera,  study 
of  environmental  impacts,  full  disclosure  of  the  basis  for  action,  and  an 
opportunity  for  effective  public  participation  in  the  decision-making  pro- 
cess. 


No  Environmental  Impact  Statement  has  been  prepared  for  the  proposed 
revised  Guidelines.  The  Environmental  Impact  Statement — those  are  the  fat 
and  medium-thin  Yellow  Books  that  you  have.  That  Impact  Statement  was 
developed  for  the  original,  1976  Guidelines,  which  has  just  been  released, 
and  which  cannot  be  considered  a substitute  for  the  required  Impact  State- 
ment for  the  proposed  revised  Guidelines. 

If  the  NIH  had  complied  with  NEPA  in  this  matter,  full  disclosure  of 
data  and  analysis  of  environmental  factors  would  have  been  provided  to  the 
public  well  in  advance  of  this  hearing.  Compliance  by  NIH  with  the  NEPA  in 
developing  the  revisions  could  have  provided  the  proper  framework  for  objec- 
tive decision-making  and  public  input.  It  is  clear  that  a full  EIS  should 
have  been  prepared  and  made  available  to  the  public  well  in  advance  of  this 
meeting,  as  I have  just  said,  and  it  is  our  opinion  that  no  decisions  be 
made  on  these  revisions  until  an  Environmental  Impact  Statement  is  prepared 
for  them,  and  public  hearings  held. 

We  are  hopeful,  I would  like  to  add,  that  this  hearing  today  will  pro- 
vide information  toward  that  end. 
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The  Environmental  Protection  Agency  has  expressed  a number  of  concerns 
in  a report  by  its  study  group  on  recombinant  DNA.  The  report  was  unani- 
mously endorsed  by  EPA's  Scientific  Advisory  Board  on  the  original  Guide- 
lines. I choose  three  suggestions  from  the  report.  There  are  many. 

The  report  suggests,  for  example,  that  organisms  to  be  used  in  any  re- 
combinant DNA  activities,  and  organisms  with  new  genotypes  that  are  created 
by  these  activities,  must  be  labeled  so  that  their  source  and  environmental 
fate  may  be  traced  in  case  of  accidental  release.  Further,  the  report 
suggests  that  each  individual  in  a laboratory  working  on  recombinant  DNA 
should  be  certified,  as  suggested  by  Dr.  Jonathan  King,  as  to  his  knowledge 
of  handling  pathogenic  materials  and  familiarity  with  standards  of  safety 
for  a clinical  laboratory. 

Further,  the  study  group  agreed  that  there  is  an  urgent  need  for  plan- 
ning for  possible  accidental  discharges  of  harmful  recombinant  DNA  materials 
inasmuch  as  no  containment  facility  is  perfect.  As  part  of  the  planning 
for  a capability  for  an  immediate  response  to  such  a discharge,  an  inter- 
disciplinary team  of  individuals  should  be  designated  to  help  eliminate 
the  harmful  discharge. 

This  document  was  made  available  to  the  Recombinant  DNA  Advisory  Com- 
mittee last  spring,  so  we  are  forced  to  question  why  we  have  not  seen 
evidence  of  consideration  of  this  and  other  critiques  by  this  Committee  in 
setting  up  the  Guidelines  and  perhaps  incorporating  some  of  these  sugges- 
tions into  the  proposed  revisions. 

We  believe  that  the  failure  to  address  these  questions  and  many  others 
reflects  the  unavoidable  bias  of  an  agency  whose  function  is  the  promotion 
of  biomedical  research.  Since  it  is  imperative  in  our  view  that  policy  for 
a technology  which  will  affect  all  sectors  of  society  be  developed  by  repre- 
sentatives of  these  sectors,  we  believe  that  only  an  independent,  broadly 
based  commission  can  democratically  provide  for  that  essential  policy-making 
function.  This  would  of  course  include  guideline  decisions. 

If  the  public  is  to  be  adequately  protected,  we  feel  it  essential  that 
the  preceding  points  and  those  we  made  earlier  be  addressed. 

DR.  FREDRICKSON:  Thank  you,  Ms.  Simring.  Are  there  any  questions  or 

comments  on  Ms.  Simring' s presentation? 

Ms.  Simring  has,  in  the  opening  part  of  her  remarks,  referred  to  the 
absence  of  an  Environmental  Impact  Statement  on  the  proposed  revisions.  I 
think  for  clarification  I should  reiterate  that  these  are  proposed  revisions 
and  it  is  the  purpose  of  this  hearing  to  determine  which  of  those  proposals 
or  what  others  that  are  related  to  them  should  actually  be  made  in  the  Guide 
lines,  and  of  course,  until  that  is  decided  there  could  not  be  any  Environ- 
mental Impact  Statement  on  their  impact. 
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MS.  SIMRING:  Might  I point  out  that  the  Environmental  Impact  Statement 

is  not  a document  alone,  but  is  a process  of  development,  and  it  is  in  the 
course  of  development  of  alternatives,  assessment  of  risks,  and  so  forth, 
and  the  other  points  that  I mentioned,  that  even  proposed  revised  Guidelines 
would  be  developed.  There  would  be  public  input  and  other  considerations 
along  the  way. 

DR.  FREDRICKSON:  Right.  Certainly  an  environmental  impact  assessment 

does  need  to  precede  a statement,  and  that  is  in  process.  This  hearing  is  a 
part  of  that  process.  I think  the  other  suggestions  made  by  Ms.  Simring  are 
procedural  matters,  and  we  can  refer  to  some  of  them  again  tomorrow. 

MS.  SIMRING:  Might  I just  add  one  last  thing?  The  environmental  assess- 
ment is,  of  course,  a very  different  document  from  the  Environmental  Impact 
Statement.  It  requires  much  less  detail,  much  less  description  of  the  actions 
involved . 

DR.  FREDRICKSON:  Are  there  other  questions  or  comments  for  Ms.  Simring? 

Thank  you,  Ms.  Simring. 

There  have  been  no  questions  submitted  to  us  as  we  requested,  in  writing, 
from  the  audience,  if  members  of  the  audience  have  them,  so  at  this  time  we 
can  proceed  directly  to  the  next  section  relative  to  biological  containment. 

I would  like  that — oh,  Dr.  Davis,  I am  sorry. 

DR.  DAVIS:  I have  a short  comment  to  make  on  physical  containment,  if 

I may . 

DR.  FREDRICKSON:.  You  did.  I apologize  to  you.  It  wasn't  put  down  on 
my  agenda.  I recognize  Dr.  Davis,  returning  as  one  of  the  invited  witnesses 
with  a comment  on  physical  containment. 

DR.  DAVIS:  I would  like  to  make  a brief  comment  not  on  the  content, 

but  on  some  matters  of  language,  in  the  section  on  physical  containment, 
because  I believe  that  insufficiently  careful  language  in  this  area  tends 
to  perpetuate  a kind  of  confusion  that  has  plagued  discussions  of  this  whole 
subject  from  the  start,  and  that  is  confusion  between  the  reality  of  the 
hazard,  whatever  it  may  be,  which  is  a fact  of  nature,  and  our  assumptions 
about  the  nature  of  the  hazard,  which  is  what  we  write  into  our  regulations. 

A fallacy  occurs  when  a figure  of  speech  is  taken  literally,  and  the 
figure  of  speech  that  is  involved  here  is  one  that  my  high  school  English 
teacher  would  have  described  in  terms  that  are  peculiarly  apt  to  the  present 
di scuss ion--that  is,  identifying  the  container  or  the  thing  contained. 

Now,  I think  this  is  more  than  a quibble,  because  persistence  in  assum- 
ing that  it  is  established  that  there  is  real  risk  and  that  we  have  any 
control  over  the  facts  of  nature  leads  to  statements  such  as  the  following 
in  a news  article  on  the  subject  in  this  last  month's  Trends  in  Biochemical 
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Sciences , very  similar  to  a news  article  in  Science  a month  earlier,  discus- 
sing the  apparent  cloning  of  the  insulin  gene  in  a not-cert ified  vector,  and 
then  later  in  another.  The  reporter  states,  "The  earlier  experiment  clearly 
presented  no  threat  to  public  health,  since  it  was  conducted  in  a P3  labora- 
tory as  required  and  the  vector  in  question  has  since  been  certified."  That 
is  a very  curious  statement.  The  day  before  it  was  certified  there  was  a 
danger  to  public  health,  but  the  day  it  was  certified  it  ceased  being  a dan- 
ger to  public  health.  This  is  confusing,  as  I say,  reality  with  our  guesses 
about  reality. 

Now,  no  error  in  logic  as  egregious  as  that  has  appeared  as  far  as  I 
can  see  in  this  version  of  the  Guidelines,  but  I would  call  attention  to  a 
statement  on  page  49597  toward  the  bottom  of  the  middle  column  that  says, 
"Special  laboratory  design  is  used  primarily  in  facilities  in  which  experi- 
ments of  moderate-  to  high-potential  hazards  are  performed."  Now,  we  all 
know  what  is  meant  here,  but  this  is  presumed  high-  or  moderate-potential 
hazards,  not  definite  or  demonstrated  hazards.  This  is  not  at  all  analogous 
to,  say,  the  hazards  of  dealing  with  radioactive  substances,  where  there 
is  a large  body  of  information  to  assess  and  quantitate. 

Similarly,  if  I can  just  save  time  by  anticipating  a similar  thing  in  a 
later  section,  on  page  49604  it  is  stated  that,  "The  investigators  are  re- 
sponsible for  determining  the  real  and  potential  biohazards  in  the  research." 
I would  suggest  that  again  it  is  difficult  for  me  to  see  how  anybody  can 
define  the  real  biohazards,  since  nothing  has  yet  been  demonstrated. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Davis.  Will  you  remain  just  one  mo- 

ment? Are  there  any  questions  or  comments?  Very  well,  thank  you  again. 

That  concludes  the  discussion,  at  least  for  this  portion  of  physical 
containment,  and  we  will  move  on  at  this  time  to  the  matter  of  biological 
containment,  and  the  next  witness.  The  presenter  of  that  will  be  Dr.  Susan 
Gottesman  from  the  Recombinant  Advisory  Committee.  Dr.  Gottesman? 

DR.  GOTTESMAN:  I am  going  to  be  reviewing  the  section  of  the  revised 

Guidelines  which  deals  with  biological  containment,  and  this  section  of  the 
proposed  revised  Guidelines  is  somewhat  expanded  from  that  in  the  original 
Guidelines,  and  includes  some  material  that  was  scattered  in  other  parts. 

Biological  containment  is,  of  course,  the  use  of  particular  hosts  and 
vectors  which  help  to  minimize  the  spread  of  organisms  containing  recombi- 
nant DNA  outside  the  laboratory,  and  in  discussing  biological  containment, 
there  are  two  basic  principles  which  we  try  to  deal  with.  One  is  to  limit 
the  potential  for  survival,  of  the  host  which  contains  the  recombinant  DNA, 
outside  the  laboratory.  I guess  the  best  example  that  has  been  developed 
of  this  is  Chi-1776,  the  host  developed  by  Roy  Curtiss,  which  is  now  used 
in  much  recombinant  DNA  research,  which  has  a whole  set  of  mutations  to 
make  it  less  able  to  live  except  in  a very  permissive  set  of  laboratory 
conditions . 
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The  other  thing — other  than  survival — which  we  have  to  be  particularly 
concerned  with  in  talking  about  biological  containment  is  to  limit  transmis- 
sion of  vectors  which  carry  recombinant  DNA  to  other  organisms.  That  is, 
it  doesn't  do  us  much  good  if  the  host  has  died  if  the  vector  carrying  the 
recombinant  has  already  been  transmitted  to  a new  host  which  is  able  to 
survive  outside  the  laboratory.  In  this  respect  we  concern  ourselves,  for 
instance,  with  host-dependent  mutations,  for  instance  amber  mutations  and 
the  bacteriophage  lambda,  so  that  it  can  only  grow  in  particular  hosts 
which  carry  suppressor  mutations.  These  are  the  two  aspects  of  biological 
containment  which  will  come  up  again  as  I discuss  the  particular  categories 
which  we  are  proposing  for  the  revised  Guidelines. 

I would  also  like  you  to  keep  in  mind  that  in  the  last  year  there  has 
been  significant  progress  in  the  application  of  the  concept  of  biological 
containment  to  recombinant  DNA  technology.  As  of  a year  ago,  there  were 
not  any  certified  EK2  host-vector  systems,  and  now  there  are  a variety  of 
them  both,  hosts  and  vectors — plasmid  vectors  and  bacteriophage  vectors. 

Our  experience  with  certifying  these  and  looking  at  the  test  data  on  these 
plays  some  part  in  the  revision  of  the  Guidelines,  which  I will  be  talking 
about . 

The  major  change  which  you  may  all  notice  in  the  proposed  revised 
Guidelines  is  a new  nomenclature,  HV1 , HV2,  HV3.  This  stands  for  host-vec- 
tor systems.  This  is  a generalization  of  the  concept  that  was  used  in  the 
original  Guidelines,  EK1  for  E.  coli  K-12.  And  we  have  put  it  in  as  a 
beginning  framework  to  start  considering  hosts  other  than  E.  coli  K-12. 
Within  the  HV1,  HV2,  and  HV3  nomenclature,  EK1 , EK2,  and  EK3  are  particular 
examples,  and  really  the  ones  which  are  almost  exclusively  in  use  at  the 
moment . 

To  begin  with,  then,  we  have  generalized  EK1  to  an  HV1  possibility,  and 
we  have  changed  a little  bit  the  requirements  for  host-vector  systems  other 
than  E.  coli.  I think  in  the  initial  Guidelines  my  impression  is  that  hosts 
other  than  E.  coli  were  mostly  considered  in  terms  of  their  safety  relative 
to  E.  coli  K-12.  That  is,  the  relevant  paragraphs  in  the  1976  Guidelines 
suggest  that  any  new  host-vector  systems  should  offer  some  advantage  over 
E.  coli  K-12  in  terms  of  safety  and  containment. 

What  we  are  proposing  for  the  revised  Guide-lines  is  somewhat  different 
criteria.  That  is,  I think  it  has  become  obvious  that  in  some  cases  one 
wants  to  use  a different  host-vector  system  not  because  it  is  necessarily 
better  than  E.  coli  K-12,  but  if  it  is  as  good,  one  would  like  to  use  it 
because  one  wants  to  study  that  particular  bacteria  for  instance.  There 
are  scientific  considerations  that  suggest  that  one  should  generalize  the 
use  of  different  hosts  and  vectors. 

So  therefore,  we  have  built  some  flexibility  into  the  possibility  of 
certification  of  other  host-vector  systems.  But  I want  to  emphasize  that 
we  are  not  suggesting  that  these  new  host-vector  systems  be  taken  as  whole- 
sale replacements  for  E.  coli  K-12.  What  we  are  suggesting  is  that  if  a 
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host-vector  system  is  proposed  for  certification  as  HV1 , it  be  considered  by 
an  expert  group  in  terms  of  (1)  its  degree  of  containment  with  respect  to 
E.  coli  K-12,  and  it  should  be  at  least  as  good  as  that  system;  (2)  it  is  a 
necessity  in  scientific  terms  for  use  as  a host-vector  system.  If  it  is 
approved  in  that  condition,  we  suggest  approval  only  for  P2  cloning,  P2 
level  physical  containment  cloning  into  that  HV1  organism  of  nonpathogenic 
prokaryotes.  So  we  have  not  suggested  levels  for  any  other  classes  of  clon- 
ing, and  what  we  have  said  is  that  any  further  experiments  to  be  put  into 
that  HV1  system  would  require  explicit  approval  by  the  Recombinant  Advisory 
Committee.  So  in  other  words,  an  HV1  system  which  is  approved  by  the  Recom- 
binant Advisory  Committee  after  careful  consideration  of  its  containment 
potential  would  only  be  approved  for  nonpathogenic  prokaryote  cloning, 
and  would  not  be  available  for  use,  for  instance,  for  cloning  eukaryote  DNA 
unless  that  were  specifically  considered  by  the  Committee  on  its  merits. 

Okay,  that  covers  essentially  the  changes  in  HV1 . 

The  HV2  is  at  the  moment  only  EK2 . That  is,  there  is  no  other  system, 

I don't  think,  which  has  been  proposed  or  is  close  to  being  proposed  as  an 
HV2  system,  a moderate-containment,  biological- containment  system.  The  EK2 
requirements  are  essentially  unchanged  from  those  in  the  original  Guidelines 
— that  is,  that  less  than  one  in  108  organisms  should  be  able  to  escape  from 
the  laboratory  if  one  assumes  total  failure  of  physical  containment. 

I think  the  major  change  in  EK2  is  not  in  the  precise  wording  of  the 
Guidelines,  but  in  the  interpretation  which  has  been  applied  to  that  wording 
over  the  last  year,  and  I would  like  to  just  review  briefly  what  has  happened 
in  the  past  year  in  terms  of  certification  of  EK2  so  that  you  will  have  a 
clear  understanding  of  how  we  come  to  approve  EK2's. 

An  expert  working  group  of  people  working  with  bacteriophage  and  a 
separate  group  with  expertise  in  plasmid  vectors  met,  and  each  put  together 
something  which  they  called  instructions  to  investigators,  indicating  the 
kinds  of  tests  that  they  considered  essential  for  careful  testing  of  the 
survival  and  transmission  characteristics  of  EK2  systems.  The  basic  princi- 
ples which  apply  are  that  any  numbers  that  we  get  should  be  most  stringently 
interpreted  that  if  we  are  looking,  for  instance,  at  transfer  of  plasmids 
from  one  host  to  another,  those  should  be  done  under  the  most  permissive 
possible  conditions,  and  that  those  numbers  should  be  submitted  to  the 
Committee  who  can  then  consider  what  the  meaning  of  those  numbers  might  be 
actually  jji  vivo , that  in  considering  the  degree  of  biological  containment 
we  should  assume  total  failure  of  physical  containment.  That  is,  we  know 
that  all  of  these  experiments  also  are  to  be  done  with  particular  levels  of 
physical  containment,  but  that  should  not  be  considered  when  we  calculate 
how  biologically  contained  an  organism  is. 

Following  the  instructions  to  investigators,  we  have  received  data  on  a 
number  of  EK2  systems,  and  particularly  in  the  early  cases  I think  we  have 
had  a great  deal  of  discussion  on  them.  We  have  asked  experimenters  to  go 
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back  and  do  other  experiments.  We  have,  in  some  cases,  changed  the  require- 
ments for  using  the  EK2  systems  to  meet  what  we  thought  were  tighter  re- 
quirements, and  the  result  is  that  I think  we  have  a clearer  understanding 
of  what  we  can  expect  as  EK2  systems.  I would  like  you  to  keep  that  in  mind, 
particularly  when  we  get  to  the  next  section  when  we  talk  about  particular 
guidelines  for  containment,  that  these  EK2  systems  are  an  essential  part  of 
that  containment. 

Finally,  we  get  to  HV3,  which,  once  again,  is  the  only  real  candidate 
in  the  near  future,  is  an  E^  col i K-12  system.  The  requirements  for  HV3 
have  been  changed  somewhat  from  the  original  Guidelines,  and  the  proposed 
revision  tightens  the  requirements  for  HV3  over  those  in  the  original  Guide- 
lines. The  new  requirements  are  in  response  to  comments  that  we  have  received 
throughout  the  last  year  and  a half,  and  faults  that  some  of  us  saw  in  the 
original  EK3  definition.  It  retains  the  original  requirements  for  EK3  that 
both  j_n  vivo  and  j_n  vitro  testing  be  done  on  any  proposed  EK3  system,  and 
that  that  be  done  by  some  independent  body  other  than  the  developers  of  the 
system. 

The  new  requirements  are,  one,  that  the  vector  be  extremely  defective  in 
mobi 1 izabi 1 i ty , or  if  at  all  possible,  host-dependent.  That  is,  that  the 
vector  be  essentially  non-transmi ssible  from  the  host  in  which  it  is  certi- 
fied, either  by  mobilization  or  by  any  other  mechanism.  We  have  put  this 
in.  Although  that  was  certainly  something  that  was  wished  in  the  original 
Guidelines,  it  wasn't  stated  nearly  as  explicitly  as  it  is  in  the  proposed 
revision.  The  aim  of  this  restatement  is  to  promote  a particularly  careful 
look  at  this  data  by  any  committee  considering  EK3  host-vectors. 

Finally,  the  other  major  change  in  HV3  is  a new  requirement  that  no 
clinically  or  agriculturally  important  antibiotic-resistance  marker  be 
functional  on  a vector  to  be  used  for  recombinant  DNA  research.  The  reason 
for  this — I think  it  has  already  come  up  a little  bit  earlier  this  morning — 
is  to  prevent  any  inadvertent  advantage  for  a host  carrying  a clone  which 
also,  for  instance,  has  ampicillin  resistance  and  encounters  ampicillin 
someplace.  It  has  managed  to  escape  our  physical  containment  and  it  hasn't 
died  as  it  was  supposed  to  and  now  it  encounters  ampicillin  and  has  such  a 
great  advantage  over  everything  else  around  it  that  it  is  enriched  for. 
Although  this  may  be  an  unlikely  scenario,  we  thought  that  it  was  possible 
to  block  this  by  putting  this  requirement  in  for  HV3,  and  therefore  we  have 
introduced  it.  So  I think  now  we  can  say  with  confidence  that  an  HV3  system 
which  meets  all  of  these  criteria  is  just  about  as  safe  as  we  think  we  can 
make  it. 

The  other  major  changes  in  this  section  of  the  Guidelines  are  not 
really  changes  in  practice.  They  are  more  inclusion  in  the  Guidelines  of 
practices  that  have  already  been  used  in  the  last  year  by  the  Recombinant 
Advisory  Committee.  They  just  make  those  practices  explicit,  and  hopefully 
a little  bit  clearer  to  the  world  at  large.  For  example,  the  kinds  of 
things  that  have  been  put  in,  the  use  of  expert  working  groups  to  consider 
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host-vector  systems,  so  that  now  there  are  essentially  three  levels  of 
review  before  an  EK2  system  or  an  EK3  system  is  approved.  That  is,  first 
an  expert  working  group,  which  reports  then  to  the  Recombinant  Advisory 
Committee,  which  finally  reports  to  Dr.  Fredrickson.  Questions  about  the 
system  can  be  asked  at  all  levels.  That  is  now  written  into  the  proposed 
Guidelines . 

The  possibility  of  rescinding  certification  for  an  approved  EK2  vector 
if,  for  instance,  some  new  information  is  found  suggesting  that  it  isn't  as 
good  as  we  thought  it  was.  I think  that  possibility  always  existed,  but  it 
was  never  explicitly  stated.  Now  it  is  quite  explicitly  stated. 

For  instance,  the  specification  that  if  an  EK2  system  is  approved,  the 
approval  does  not  automatically  extend  to  modifications  which  the  investiga- 
tor may  think  are  minor,  but  the  Committee  may  not  think  they  are  minor. 

Any  kind  of  modification  of  an  approved  EK2  system  must  at  least  come  to  our 
Committee  for  consideration,  and  we  can  ask  for  whatever  data  we  consider 
appropriate  to  make  sure  it  has  been  thoroughly  tested. 

Finally,  provision  that,  for  instance,  HV2  and  HV3  systems  be  distrib- 
uted in  such  a way  that  NIH  has  maximum  control  over  what  is  distributed, 
that  strains  are  not  passed  from  laboratory  to  laboratory  gathering  whatever 
mutations  they  may  in  between,  but  that  there  be  central  distribution  of 
such  systems  to  insure  that  at  least  what  is  sent  out  from  NIH  is  the  cor- 
rect strain,  and  that  it  is  really  in  the  investigator's  responsibility  to 
check  that  it  continues  to  be  the  correct  strain. 

So  in  conclusion,  the  major  changes  in  this  section  are  introduction  of 
the  HV1,  HV2,  HV3  nomenclature,  with  the  emphasis  on  the  possibility  for  new 
HV1  systems  other  than  E.  coli  K-12,  and  a tightening  of  the  HV3  require- 
ment s . 

I think  that  is  all. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Gottesman.  Won't  you  remain  for  just 

a moment  to  see  if  we  have  some  questions  or  comments  from  the  Committee. 

Dr.  Ginsberg. 

DR.  GINSBERG:  I am  somewhat  confused  by  the  no  antibiotic  resistance. 

I find  that  overcaution  often  raises  doubts  in  people's  minds  about  the 
primary  basis  upon  which  you  have  started.  That  is,  if  the  host  is  as 
crippled  as  you  say,  and  if  the  vector  is  non-transmissible , why  do  you 
care  what  antibiotic  markers  are  in  the  vector? 

DR.  GOTTESMAN:  I think  your  point  is  well  taken.  I think  at  the  mo- 

ment we  don't  have  in  vivo  data  on  survival  and  transmission  of  any  of 
these  things.  That  is,  the  EK2  certification  is  based  on  laboratory  simula- 
tions, let  us  say,  of  what  transmission  might  be  or  survival  might  be.  We 
certainly  hope  they  will  be  borne  out  in  vivo.  So  this  is,  in  a sense,  a 
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backup  system.  I think  maybe  when  we  have  real  data  on  what  the  survival 
and  transmission  is  in  vivo  of  these  particular  strains,  maybe  we  would  not 
consider  that  as  necessary. 

DR.  GINSBERG:  I guess  what  I am  really  saying  is  I would  be  happier  if 

you  would  have  the  data  before  you  would  approve  an  HV3  system,  and  then 
permit  antibiotic  markers  in  it. 

DR.  GOTTESMAN:  We  have  not  had,  for  instance,  any  HV3  systems  sub- 

mitted yet.  I think  if  we  had  data  on  HV3  systems  before  us,  and  in  vivo 
testing,  maybe  we  wouldn't  have  put  that  in.  But  at  the  moment  we  wanted  to 
make  it  the  best  possible,  and  two  backups  didn't  seem  like--  It  is  achiev- 
able, that  is  basically  it. 

DR.  FREDRICKSON:  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  I just  wondered  if  you  have  some  experience  now  which 

would  permit  you  to  comment  either  on  the  stability  of  the  EK2  strains, 
whether  they  are  likely  to  mutate  to  less  stringent,  and  secondly,  on  any 
laboratory  experience  on  the  frequency  with  which  cultures  of  such  crippled 
strains  may  become  contaminated  or  overgrown,  or  things  of  this  kind. 

DR.  GOTTESMAN:  I haven't  worked  with  any  of  the  strains  directly  my- 

self, and  I would  be  happy  to  have  comments  from  other  people  who  have.  I 
know  that,  for  instance,  in  the  use  of  the  phage  systems,  okay,  that  we  have 
approved  use  there  of  a host  which  is  partially  crippled.  That  is,  it  is 
not  nearly  as  sick  as  Chi-1776,  but  it  has  a number  of  mutations,  and  in 
that  case  a couple  of  tests  have  been  done  looking  at  survival  in  passage 
through  mice,  and  looking  at  what  comes  out  in  terms  of  has  it  reverted  for 
the  markers  which  we  have  considered  significant,  and  it  hasn't.  So  at 
least  under  those  simple  experiments  it  is  not  reverting  at  a high  rate, 
those  particular  markers  aren't.  I am  sure  people  have  difficulties  working 
with  1776.  Maybe  some  of  you  people  have  more — 

DR.  FREDRICKSON:  Are  there  any  other  members  of  the  Committee?  Dr. 

Helinski? 

DR.  HELINSKI:  I would  like  to  comment  briefly  on  the  point  that  Bob 

raised.  Several  laboratories  have  deliberately  introduced  robust  E.  coli 
K-12  in  the  same  culture  with  Chi-1776  and  then  asked  if  plasmids  trans- 
ferred out  of  Chi-1776  into  the  E.  coli  K-12,  and  the  answer  in  each  case  is 
no.  So  these  kinds  of  worst-case  situations  have  been  set  up. 

DR.  FREDRICKSON:  Dr.  Szybalski. 

DR.  SZYBALSKI:  I have  a paper  which  I would  like  to  give  you  to  in- 

clude from  England,  from  Petrocheilou  and  Richmond,  which  is  in  press, 
which  closes  the  final  gap  of  safety.  It  shows  that  in  vivo  there  is  no 
transmission  of  transmissible  plasmid  during  almost  two  and  half  years'  of 
testing  of  all  feces  of  all  laboratory  personnel  twice  a week. 
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DR.  FREDRICKSON:  And  that  paper  is  going  to  appear  where,  Dr.  Szybalski? 

DR.  SZYBALSKI:  It  is  going  to  appear  in  1977  in  Gene. 

DR.  FREDRICKSON:  Thank  you. 

DR.  MC  CARTHY : Dr.  Szybalski,  do  you  mind  if  we  reproduce  this  and  cir- 

culate it  here? 

DR.  SZYBALSKI:  No,  I have  permission  from  the  authors  to  reproduce  it. 

DR.  MC  CARTHY:  I would  hate  to  be  caught  in  a copyright  dispute. 

DR.  FREDRICKSON:  Mr.  Beaty. 

MR.  BEATY:  In  continuing  what  Dr.  Ginsberg  was  asking  about  the  anti- 

biotic resistance  markers  and  some  of  the  strains  which  might  be  eligible 
for  an  HV3  classification  to  make  it  useful  as  a label  or  a monitor,  a nice 
positive  selectable  marker  which  one  can  separate  from  the  other. 

DR.  GOTTESMAN:  We  have  considered  that  problem,  obviously.  There  are 

two  questions.  One  is  in  the  HV3  testing  itself,  which  requires  that  you 
feed  the  organisms  to  animals  and  ask  what  you  can  recover  in  terms  of  the 
plasmid,  there  one  could  insert  an  antibiotic  resistance  marker  for  the 
testing,  so  that  is  not  a problem.  In  terms  of  monitoring  on  a regular 
basis,  I agree  it  does  pose  somewhat  of  a problem,  but  some  of  the  kinds 
of  things  which  we  had  in  mind  could  be  useful  in  that  case.  For  instance, 
one  could  use  a tetracycline  resistance  gene  with  a temperature  sensitive  or 
an  amber  mutation  on  the  tetracycline  gene  itself  so  that  it  would  not  ex- 
press itself  in  normal  wild-type  strains,  but  if  you  wanted  to  monitor  it 
you  could  set  up  conditions  where  you  could  monitor  it.  Those  are  possibili- 
ties . 


I think  we  would  like  to  have  more  input  on  how  people  feel  about  the 
antibiotic  resistance  business.  We  had  a lot  of  comments  that  it  is  an  aw- 
fully strongly  selective  marker  if  it  is  going  to  cause  any  trouble,  and 
given  that  versus  the  monitoring  we  have  opted  in  this  direction  for  the 
moment . 


MR.  BEATY:  Also,  considering  the  fact  that  one  could  select  the  resis- 

tance as  to  antibiotics  that  are  not  quite  as  commonly  found  and  not  as 
clinically  important. 

DR.  GOTTESMAN:  Yes,  that  could  certainly  be  used.  I mean,  it  is  ex- 

plicitly stated.  That  is,  it  shouldn't  be  a clinically  important  one,  but 
something  which  is  never  used  in  our  environment  would  serve  our  purposes 
very  well. 
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DR.  FREDRICKSON:  Any  other  questions  or  comments  for  Dr.  Gottesman? 

Yes,  Dr.  Chilton. 


DR.  CHILTON:  Has  testing  been 
ing  vehicles  can  escape  either  with 
test  organisms  or  people? 


done  to  test  whether  the  licensed  don- 
or without  antibiotic  selections  in  the 


DR.  GOTTESMAN:  Testing,  limited  testing  has  been  done.  That  is,  mouse 

feeding  experiments  have  been  done  with  both  the  phage  and  plasmid  systems, 
and  the  results  are  that  very  little  is  recovered.  But  I suspect  in  the 
plasmid  system  what  has  mostly  been  looked  at  is  the  host  itself,  Chi-1776. 
And  in  the  phage  there  seems  to  be  very  little  survival  of  the  phage  in 
passage  through  mice. 


DR.  CHILTON:  I am  concerned  more  about  the  plasmid  vectors,  of  course, 

where  there  is  a direct  selection  out  there  in  the  environment  to  cause  the 
spread . 

DR.  GOTTESMAN:  Certainly  no  testing  that  I know  of  has  been  done  real- 
ly out  into  the  environment,  that  is,  letting  it  go  free  and  seeing  whether 
you  find  the  drug  resistance  markers.  I think  probably  the  closest  to  that 
is  the  paper  that  Dr.  Szybalski  was  just  talking  about,  that  is,  monitoring 
over  a long  term  in  a lab  that  was  using  transmissible  drug  resistance 
plasmids . 

DR.  CHILTON:  That  is  not  the  licensed  cloning  vehicles.  Is  there  any- 

thing being  done  with  the  licensed  cloning  vehicles? 

DR.  GOTTESMAN:  No,  of  that  sort  I don't  think,  in  any  extensive  way. 

DR.  CHILTON:  Is  there  such  testing  planned? 

DR.  GOTTESMAN:  Yes,  that  is  an  essential  part  of  the  EK3  testing — that 

is,  of  the  testing  for  anything  to  go  on  to  the  next  level  of  containment. 
That  would  be  first. 


DR.  CHILTON:  But  we  don't  have  the  data  for  even  the  EK2? 

DR.  GOTTESMAN:  No.  Well,  I mean  most  of  the  EK3  candidates  would  be 

the  best  of  the  EK2s. 


the 


DR.  CHILTON:  Are  you  saying  that  we  don't  have  data  that  tell  us  what 

rate  of  escape  of  the  licensed  EK2  vector  is? 


DR.  GOTTESMAN:  Do  we  have  1776?  Were  any  of  those  rat  feeding  experi- 

ments really  looking  at  the  plasmid  after  feeding?  Do  any  of  you  people 
know?  I have  the  impression  they  are  all  looking  at  1776  survival  itself. 
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I think  in  that  case  that  is  the  answer,  that  we  don't  really  have  any  in 
vivo  experiments  of  that  sort.  In  terms  of  the  phage  vector  we  may  have  a 
little  bit  more  information,  and  that  the  phage  itself  disappears.  If  you 
swallow  it  you  don't  see  it.  But  there  is  not  extensive  data. 

DR.  CHILTON:  That  makes  it  very  hard  to  evaluate  how  strong  the  bio- 

logical containment  is,  it  seems  to  me. 

DR.  GOTTESMAN:  Yes,  to  some  extent  it  does. 

DR.  FREDRICKSON:  Any  other  questions  or  comments? 

This  is  a very  complex  section  which  Dr.  Gottesman  has  capably  summa- 
rized very  quickly.  I have  a lot  of  questions  derived  from  comments  which 
came  in  on  this  section,  Dr.  Gottesman,  but  I don't  want  to  burden  the  Com- 
mittee with  them.  Except  that  I would  like  to  ask  you  one  question  if  I 
may . 


It  has  been  argued  by  some  of  the  commentators  that  the  present  biolog- 
ical containment  section — and  actually  the  previous  one  as  well — discrimi- 
nates rather  implicitly  against  any  host-vector  systems  other  than  E.  coli 
K-12.  Is  that  your  feeling? 

DR.  GOTTESMAN:  Yes,  I think  that  is  true. 

DR.  FREDRICKSON:  It  is  deliberately  so? 

DR.  GOTTESMAN:  Yes,  that  is  certainly  the  impression. 

DR.  FREDRICKSON:  It  was  the  Committee's  decision  to  do  that? 

DR.  GOTTESMAN:  Well,  I wasn't  around  when  the  original  Guidelines  were 

put  together,  but  clearly  there  is  a very  large  section  on  what  one  does 
with  E.  coli  K-12  containment,  and  it  has  certainly  been  the  interpretation 
of  ORDA  over  the  last  year  that  anything  other  than  E.  coli  K-12  should  be 
treated  very  gingerly.  We  are  opening  the  door  a little  bit  to  other  things, 
but  not  all  the  way. 

DR.  FREDRICKSON:  Thank  you. 

Sir  John. 

SIR  JOHN  KENDREW:  Well,  I was  actually  going  to  raise  exactly  the  same 

point,  because  it  does  seem  to  me  that  there  are  a lot  of  people  in  the 
world  who  are  very  anxious  to  get  their  hands  on  other  systems,  and  it  is 
just  a kind  of  historical  accident  that  there  has  been  all  the  concentration 
on  E.  coli,  for  good  historical  reasons.  But  it  does  seem  to  me  very  impor- 
tant that  the  other  systems  should  be  explored  as  rapidly  and  thoroughly  as 
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possible,  and  of  course  one  wants  to  make  stringent  criteria  here,  and  of 
course  I think  they  need  to  be  separated  in  one  sense  simply  because  there 
happens  to  be  such  a lot  of  work  that  has  been  done  on  E_^  col  i , some  of 
which  is,  for  example,  summarized  in  the  Falmouth  documents.  It  is  obvious 
that  the  Guidelines  ought  to  stress  the  point  that  new  host-vector  systems 
should  be  treated  a little  gingerly,  maybe,  but  this  should  not  be  interpre- 
ted as  meaning  that  people  should  keep  their  hands  off.  It  seems  to  me 
that  it  is  terribly  important  that  other  systems  should  be  developed  as 
quickly  as  possible,  and  the  caution  described  in  the  Guidelines  should  not 
be  interpreted  as  suggesting  that  the  work  really  ought  not  to  be  done  on 
those  other  systems.  I think  it  should  rather  be  the  other  way  around. 

DR.  FREDRICKSON:  That  is  my  understanding  as  I read  the  comments  and 

the  revisions,  and  I am  glad  that  we  can  seek  some  correction  if  that  is 
not  true,  that  what  the  Committee  here,  the  RAC,  sought  to  do  was  to  not 
exempt  nonpathogens  of  other  host-vector  systems,  but  to  force  that  to  come 
into  the  Committee  for  a variety  of  reasons.  Again,  the  investigator  must 
provide  the  maximum  information,  and  it  continues  to  maintain  the  maximum 
information  throughout  the  system  so  that  we  know  what  people  would  be  doing, 
which  we  would  not  do  under  exemptions.  But  as  I understand  it,  that  is 
primarily  the  purpose,  and  that  is  why  you  see  this  very  conservative  (in 
many  people's  view)  approach  still  maintained  in  these  revisions.  Is  that 
it? 


DR.  GOTTESMAN:  That  was  certainly  my  feeling,  that  we  should  make  the 

option  for  other  HV1  systems  much  more  visible  than  it  was  in  the  original 
Guidelines,  but  do  it  under  conditions  where  we  knew  what  was  going  on,  and 
watched  it  at  every  step. 

DR.  FREDRICKSON:  Just  as  a matter  of  record,  another  commentator  asks 

about  HV1.  Would  these  systems  always  have  to  contain  containment  mutations, 
or  could  some  wild-type  nonpathogens  be  included? 

DR.  GOTTESMAN:  I think  it  can  be  considered  as  parallel  to  E.  coli 

K-12 — that  is,  at  the  one  level  we  don't  necessarily  require  containment  if 
it  is  an  organism  which  we  have  reason  to  believe  doesn't  have  a high  poten- 
tial for  survival  and  transmission  outside  the  laboratory. 

DR.  FREDRICKSON:  I see. 

Mr.  Hutt. 

MR.  HUTT:  At  the  February  1976  Advisory  Committee,  there  was  strong 

sentiment  that  NIH  should  take  the  lead  both  internally  and  in  funding  proj- 
ects of  pushing  towards  development  of  other  HV  systems  to  overcome  what 
you  perceive  as  a discrimination  or  a potential  discrimination  here.  Has 
that  in  fact  been  done  or  not? 

DR.  FREDRICKSON:  NIH  indicated  that  it  would  then,  and  it  continues  to 
encourage  applications  for  this.  It  did  not,  however,  mount  a large  con- 
tract program  to  go  into  B.  subtilis,  for  example,  or  other  spore  defective 
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organisms,  although  that  has,  as  a matter  of  fact,  been  apparently  going  on 
elsewhere.  But  no,  we  don't  have  a large  contract  program  going  in  this 
area,  but  I have  made  it  very  clear  that  we  are  most  interested  in  funding 
good  ideas  in  this  respect.  And  we  have  some  support,  but  not  much. 

Yes,  would  you  identify  yourself? 

DR.  WEISS:  Dr.  Weiss,  National  Academy  of  Sciences. 

DR.  FREDRICKSON:  Yes,  Dr.  Weiss. 

DR.  WEISS:  One  of  the  major  concerns  of  the  National  Research  Council 

group  which  has  looked  at  and  responded  to  your  document  was  the  question  as 
to  whether  the  biological  containment  systems  will  significantly  inhibit  risk- 
assessment  studies.  I would  like  to  have  some  general  idea  of  how  you  are 
approaching  that  issue. 

DR.  GOTTESMAN:  Well,  I don't  think  that  the  systems  themselves  can 
inhibit  risk-assessment  of  the  sort,  for  instance,  which  is  proposed  for  EK3 
testing — that  is,  where  you  deliberately  clone  in  a marker  which  you  want  to 
follow,  and  then  follow  it  in  in  vivo  testing  and  ask  is  it  transferred  out 
of  the  organism  that  you  put  in  into  other  things?  because  then  you  can  put 
in  an  easily  followable  marker,  and  there  won't  be  any  difficulty. 

In  terms  of  risk-assessment,  that  is  let  us  say,  monitoring  in  the  lab 
when  P3+EK3-level  experiments  are  going  on,  yes,  I think  there  is  some 
difficulty.  That  is,  the  organisms  die.  But  given  the  choice  between  that 
sort  of  risk-assessment,  if  you  recover  the  organisms  you  are  not  happy  and 
if  you  don't  recover  them  you  are  not  happy.  I am  not  sure  that  it  is  so 
easy  to  find  the  middle  ground  that  is  going  to  be  good  both  for  risk- 
assessment  and  for  containment.  One  precludes  the  other,  in  a sense. 

DR.  FREDRICKSON:  I think,  Dr.  Gottesman,  Dr.  Weiss  is  making  sure  we 

read  the  NRC  document.  It  was  circulated  to  all  members.  This  was  one  of 
the  questions  they  asked:  How  can  you  assess  risk  if  all  that  assessment 

is  forbidden  under  the  Guidelines?  You  will  note  that  the  revisions  contain 
a provision  under  the  so-called  prohibited  experiments  which  allows  that  to 
be  specifically  exempted.  That  is,  certain  risk-assessment  experiments  would 
be  exempted  under  the  recommendation  of  the  Committee  and  after  the  specific 
decision  by  the  Director  of  NIH  under  these  particular  Guidelines.  So  this 
revision  now  contains  that  possibility.  Is  that  an  answer  to  your  question? 

DR.  WEISS:  Yes,  well  — 

DR.  FREDRICKSON:  I think  that  is  interesting,  because  we  really  are 

at  the  stage  where  we  are  also  talking  about  those  specific  prohibitions, 
and  there  has  been  very  little  comment  on  those,  because  I suppose  they 
really  weren't  changed,  except  for  this. 
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DR.  WEISS:  The  follow-up  question  to  that,  Dr.  Fredrickson,  would  be. 

Have  you  any  idea  at  this  point  under  what  conditions  or  in  what  kind  of 
a facility,  or  perhaps  even  in  which  facility,  such  exempted  risk-assess- 
ment studies  might  be  done?  Are  you  considering,  let  us  say,  taking  an 
isolated  area  and  trying  to  do  this? 


DR.  FREDRICKSON:  I think  that  depends  on  the  nature  of  the  experi- 

ment that  might  be  proposed.  Certainly  that  consideration  would  have  to 
be  made. 

Are  there  other  questions  or  comments? 

MR.  HUTT : Could  I just  get  clarification  from  Dr.  Weiss  as  to  whether 

the  response  is  adequate  to  meet  your  concern?  In  other  words,  is  the 
availability  of  an  exemption  sufficient? 

DR.  WEISS:  The  availability  of  an  exemption  is  sufficient  to  a point. 

I think  the  basic  question  is  the  mechanism  whereby  that  exemption  might  be 
done,  might  be  accomplished.  I think  that  is  a question  that  is  going  to 
have  to  be  examined  by  the  Advisory  Committee  at  some  length. 

MR.  HUTT:  Well,  the  proposal  is  that  it  would  be  an  exemption  granted 

only  by  the  Director. 

DR.  WEISS:  Presumably,  at  this  point. 

DR.  FREDRICKSON:  Any  further  comments? 

Again,  some  of  these  issues  will  return  as  we  get  into  experimental 
Guidelines,  but  now  we  have  an  opportunity  to — thank  you  very  much,  Dr. 
Gottesman — an  opportunity  to  hear  from  several  of  the  invited  witnesses. 

I would  like  to  call  on  Dr.  Robert  Bock,  who  is  Dean  of  Graduate  Admin- 
istration at  the  University  of  Wisconsin. 


Dr.  Bock, 


DR.  BOCK:  Thank  you.  I am  pleased  to  have  this  opportunity  to  comment. 
I have,  as  a graduate  dean,  had  the  responsibility  of  appointing  and  seeing 
the  administration  of  a biological  safety  committee  for  five  and  half  years 
now.  We  have  had  such  a committee  for  a long  time.  They  are  wide-ranging 
and  study  the  whole  host  of  biological  safety  problems  on  a large  university 
campus.  We  look  forward  to  these  Guidelines  as  a very  constructive  document, 
an  evolving  document.  The  State  of  Wisconsin  will  have,  in  its  next  legis- 
lative session,  placed  before  it  a recommendation  from  the  legislative 
Committee  on  Health  and  Social  Services  that  the  State  extend  the  NIH  Guide- 
lines as  an  operating  policy  for  all  recombinant  DNA  practice  within  the 
State.  I think  that  shows  you  the  respect  with  which  a very  careful  com- 
mittee in  the  State  considers  your  Guidelines. 

With  respect  to  biological  containment,  I would  like  to  question  whether 
for  containment,  both  biological  and  physical,  it  isn't  preferred  to  have 
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descriptive  parameters  of  performance  with  good  indicator  organisms  by  which 
to  test  the  system.  There  is  quite  a bit  of  concern  among  scientists  that  in 
fact  E,  coli  K-12,  let  alone  the  1776  strain,  are  all  so  well  biologically 
contained  that  in  many  species  it  would  be  not  constructive  to  attempt  to 
achieve  those  same  kinds  of  biological  containment  standards.  For  example, 
there  are  other  parameters  of  containment  that  would  have  to  be  taken  as 
making  up  for  the  low  survival  characteristics  of  E.  coli  K-12.  It  may  be 
that  plant  pathogens  that  are  pathogenic  only  to  tropical  fruits  and  vege- 
tables could  be  studied  quite  safely  in  temperate  greenhouses  because  the 
mechanism  for  transmittal  back  to  the  environment  in  which  they  are  a patho- 
gen doesn't  exist.  But  I am  concerned,  and  I reflect  concern  from  the 
scientific  community,  that  K-12  is  already  so  excellently  biologically 
contained  that  it  may  be  an  inappropriate  standard  when  one  goes  to  other 
organisms . 

I would  hope  that  the  Committee  and  the  public  can  be  given  examples 
of  recombinant  DNA  research  and  experimentation.  So  much  of  what  we  hear 
here  is  focused  on  the  details  of  developing  hosts  and  vectors,  and  the 
direct  involvement  where  recombinant  manipulation  is  a major  part  of  the 
activity,  that  I think  it  misrepresents  what  goes  on  in  a typical  laboratory 
using  recombinant  DNA  technology  as  a tool.  There  it  is  quite  frequent  that 
less  than  one  percent  of  the  time  in  a laboratory  that  may  use  this  as  a 
powerful  tool,  would  you  actually  ever  have  an  organism  in  the  lab  containing 
recombinant  DNA  molecules  in  a state  where  the  organism  could  multiply. 

There  are  very  substantial  innovations  and  progress  being  made  by  which  much 
of  the  wealth  of  information  from  this  technology  can  be  obtained  and  never 
having  a viable  recombinant  DNA-cont aining  system  leaving  a tightly-contained 
glove  box.  So  really,  the  manipulation  never  has  to  go  outside  of  that. 
Anything  that  is  removed  is  already  a killed  cell  or  already  the  extracted 
DNA  free  of  organisms.  So  I think  understanding  of  the  process  and  the 
activities  in  which  this  technology  is  used  would  be  very  helpful  for  the 
Committee,  and  I would  encourage  the  NIH  to  perhaps  find  examples,  and 
describe  the  experiments  that  are  done. 

I really  am  encouraging  that  criteria  for  performance  be  described 
when  you  set  up  both  physical  and  biological  containment.  A particular 
point  which  worries  me  a bit  is  that  the  Guidelines  tend  to  become  mech- 
anical rather  than  achievement-oriented  in  reference  to  a foot-  or  automatic- 
controlled  washing  station  in  the  laboratory.  Many  laboratories  feel  that 
it  is  much  safer  to  have  basins  of  disinfectant  and  washing  solutions  not 
connected  to  running  water  systems  or  drains  at  all.  That  would  be  pre- 
ferred to  an  automatically  operated  one.  So  there  are  some  solutions  which 
some  scientists  would  believe  are  better  safety  factors  than  the  ones  that 
appear  to  be  mandated  in  the  Guidelines. 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Bock.  Are  there  questions  for  Dr.  Bock? 

Mr.  Hutt. 
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MR.  HUTT:  Bob,  are  you  going  to  provide  very  specific  comments  on 

particular  provisions,  because  you  have  talked  very  generally. 

DR.  BOCK:  I am  going  to  hand  in  the  citations  of  the  points  in  the 

Guidelines  that  I referred  to. 

DR.  FREDRICKSON:  Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  This  is  not  a comment.  I am  sort  of  piggyback- 

ing a remark  that  I should  inhibit  for  tomorrow,  but  tomorrow  may  never 
never  come. 

DR.  FREDRICKSON:  This  is  the  council  trying  to  overcome  that  kind 

of  pessimism. 

(Laughter . ) 

PROFESSOR  ROSENBLITH:  The  thing  that  occurs  to  me  that  would  really 

be  quite  helpful  in  this  whole  process,  and  I heard  much  anguish  expressed 
this  morning:  Does  the  NIH  have  at  the  present  time  a mechanism  whereby 

one  could,  perhaps  every  month  or  every  two  months,  try  to  report  to  the 
public  in  a semi-popular  fashion  what  is  going  on  in  this  field,  which  is 
so  much  at  the  present  time  cast  in  a pioneering  role,  and  not  rely  on  the 
fact  that  when  you  come  down  to  the  crunch  you  have  to  communicate?  It 
seems  to  me  that  there  is  evolving  a climate  out  of  the  scientific  litera- 
ture that  one  ought  to  try  to  communicate  to  the  concerned  public  in  a way 
that  I don't  think  the  shotgun  experiments  of  publication  at  the  present 
time  do. 

DR.  FREDRICKSON:  Well,  the  answer  to  your  question,  Professor  Rosenblith, 

is  no,  we  do  not.  I suppose  that  we  have  been  somewhat  inhibited  in  the 
sense  that  being  cast,  though  perhaps  temporarily,  in  this  quas i-regul atory 
role,  we  have  not  wanted  to  appear  to  be  in  conflict  of  interest. 

PROFESSOR  ROSENBLITH:  Well,  maybe  you  will  find  somebody  else  who 

has  just  the  interest,  without  conflict. 

DR.  FREDRICKSON:  We  would  like  to  find  ourselves  in  that  very  position. 

Dr.  Bock,  I just  wanted  to  add  on  to  your  comment.  You  said  that  maybe 
one  percent  of  the  time  a lab  might  be  actually  engaged  in  the  presence  of, 
or  operating  upon,  recombinant  molecules.  I would  like  to  note  that  in  the 
indices  of  the  support  that  NIH  gives  to  recombinant  DNA  research,  we  per- 
fectly well  realize  this,  but  we  attribute  every  nickel  of  that  grant  to  re- 
combinant DNA  research.  Thus,  the  amount  of  Federal  expenditure  attributed 
to  recombinant  DNA  activities  is  vastly  overstated  by  those  same  figures. 

At  the  present  time,  however,  we  simply  do  not  have  available  an  honest 
way  of  determining  the  fraction  of  the  grant  which  is  going  toward  these 
act  ivities . 
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Dr.  Sinsheimer. 

DR.  SINSHEIMER:  I would  just  like  to  make  a comment  about  something 

that  was  implicit  in  what  you  said.  Bob.  I just  feel  that  this  document 
that  we  are  reviewing  and  many  of  the  comments  that  are  being  made  carry 
us  down  this  road  of  saying  that  the  K-12  is  such  an  enfeebled  organism  it 
is  practically  what  we  used  to  call  an  EK2  anyway,  and  so  forth,  and  maybe 
that  is  true.  But  actually  I am  not  personally  yet  convinced  that  it  is 
true  for  two  reasons.  One,  that  the  data  supporting  that  is  simply  not 
available  in  the  literature.  Secondly,  we  are  still,  it  seems  to  me,  in  a 
position  where — well,  the  statement  is  made  that  this  experiment  or  that 
experiment  which  attempted  to  make  K-12  pathogenic  did  not  succeed.  That 
leaves  you  in  the  position  of  not  knowing  what  you  would  have  to  do  to  make 
it  pathogenic,  not  knowing  what  the  defect  really  is.  It  may  not  be  all 
that  intricate,  it  may  be  that  simply  no  one  has  done  the  right  experiment. 
And  until  you  do  know  what  the  nature  of  the  defect  is,  I think  it  is  some- 
what misleading  to  suggest  that  it  would  be  so  horribly  difficult  to  make 
it  pathogenic.  It  is  just  a logical  position. 

DR.  BOCK:  I think  my  principal  comment  here  could  be  even  applied  to 

K-12,  that  I believe  it  would  be  better  to  try  to  come  up  with  objective 
criteria  that  describe  a safe  host  and  a safe  vector  in  operational  or 
quantitative  terms,  so  that  one  could  get  on  with  the  job,  rather  than, 
as  you  say,  take  something  which  so  far  looks  so  safe  we  haven't  been 
able  to  find  out  what  are  the  limitations.  On  the  other  hand,  the  number 
of  experiments  are  by  no  means  complete  that  we  have  tested  K-12  or  Chi- 
1776,  for  that  matter,  in  every  possible  way  to  make  it  pathogenic. 

DR.  FREDRICKSON:  Dr.  Ginsberg. 

DR.  GINSBERG:  I can't  let  Dr.  Sinsheimer's  statement  go  by  without 

speaking  to  that  rather  than  to  Dr.  Bock's  statement,  and  that  is  that  even 
at  its  best  E.  coli  is  not  a very  good  pathogen.  So  trying  to  do  what  he 
says  is  essentially  an  impossibility  because  it  just  is  not  a very  patho- 
genic organism  except  under  very  unusual  circumstances.  So  we  are  asking 
almost  something  that  isn't  very  likely  to  be  found. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Again  a question  of  clarification,  Bob.  You  have  twice 

now  said  that  one  ought  to  have  these  objective  criteria.  Are  you  pro- 
posing specific  objective  criteria? 

DR.  BOCK:  No,  I am  encouraging  both  the  biological  safety  committee 

and  the  physical  containment  committee  to  try  to  couch  their  descriptions 
in  terms  of  performance.  I believe  that  that  is  possible. 

MR.  HUTT:  But  you  are  not  able  to  point  to  any  written  language  that 
anyone  has  proposed  thus  far  that  would  do  that? 
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DR.  BOCK:  I heard  several  statements  that  there  was  progress  in  that 
direction — one,  the  use  of  performance  specifications  for  certain  of  the 
safety  cabinets,  and  second,  the  description  that,  under  measurement,  that 
K-12  and  the  weakened  strains  gave  certain  particular  behaviors  under  certain 
tests . 


I think  that  using  that  kind  of  objective  criteria  would  be  preferred 
to  saying  "equivalent  to  K-12." 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Are  you  saying  such  objective  criteria  as  one  survivor 

in  10^?  Is  that  the  kind  of  thing  you  are  saying? 

DR.  BOCK:  Yes,  or  under  a particular  feeding  protocol  of  live  organisms 

to  body  weight  of  a test  animal. 

MR.  HELMS:  Or  with  the  safety  cabinets  that  less  than  one  ounce  escapes 

in  a year,  or  whatever  it  is? 

DR.  BOCK:  That  is  right.  I believe  that  there  are  good  indicator 

organisms  that  can  be  used  for  detection,  introduced  as  aerosols,  and  you 
can  put  up  a worst-case  test  very  safely,  by  the  way.  You  can  use  very  safe 
organisms  for  the  test. 

MR.  HELMS:  Dr.  Fredrickson,  could  we  have  somebody  on  the  Recombinant 

Committee  suggest  what  difficulties  there  might  be  with  that,  because  it  is 
obviously  an  excellent  suggestion  in  the  sense  that  those  of  us  who  are 
unable  to  imagine  all  the  things  that  have  not  yet  been  done,  it  would  be 
easier  to  have  some  objective  criteria;  but  then  again,  there  are  perhaps 
some  problems  with  that. 

DR.  FREDRICKSON:  Dr.  Gottesman,  I think,  is  ready  to  respond. 

DR.  GOTTESMAN:  The  instructions  to  investigators  that  I referred  to 

when  I spoke,  I think,  come  the  closest  to  meeting  what  you  are  talking 
about.  What  they  are  are  a series  of  tests  specifically  designed  to  test, 
for  instance,  survival  and  transmission  for  EK2  organisms,  and  I think  in 
developing  those  we  have  started  to  have  a much  clearer  idea  of  the  kinds  of 
objective  tests  that  we  could  set  up  for  such  things.  So  there  does  exist 
such  a document,  for  instance,  for  testing  E.  col i plasmid  and  phage  vector 
systems,  which  is  not  part  of  the  Guidelines,  but  is  an  official  something 
that  has  been  voted  on  by  the  Recombinant  Advisory  Committee,  and  that  Bill 
Gartland  presumably  sends  out  to  people  who  ask  for  it. 

I think  that  it  is  hard  to  come  up  with  very  general izable  tests.  I 
think  we  will  certainly  use  these  tests  as  a basis  for  looking  at  other 
host  systems,  and  we  are  starting  to  put  together  the  same  kinds  of  tests 
and  numbers  for  EK3  testing.  But  to  some  extent  it  is  hard  to  make  the 
test  until  you  see  the  experimental  data  and  you  discover  that  you  really 
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would  like  to  have  some  other  control  that  you  forgot  to  write  to  ask  them 
for.  So  some  of  the  specification  of  tests  is  going  to  have  to  continue  to 
evo lve . 


DR.  FREDRICKSON:  Are  there  any  other  comments  or  questions? 

DR.  HELINSKI:  If  someone  wants  to  develop  B.  subtilis  as  HVl,  then 

you  have  to  worry  about  spores,  which  you  don't  have  to  worry  about  with 
E.  coli.  If  you  want  to  develop  Streptomyces  as  an  HVl,  then  you  have  to 
worry  about  mycelia  versus  single  cells.  So  it  is  very  difficult  to  come 
up  with  a generalized  set  of  criteria  that  would  apply  to  all  organisms. 

I think  it  is  best,  in  a sense,  to  put  the  initiative  on  the  investigator 
first  to  come  up  with  what  he  or  she  feels  are  reasonable  criteria,  and 
then  have  an  expert  group  evaluate  this. 

MR.  HELMS:  Is  a record  left  behind  from  that  process  than  can  be 

examined  by  anyone  who  thinks  it  is  inadequate? 

DR.  FREDRICKSON:  Dr.  Gartland. 

DR.  GARTLAND:  Are  you  referring  to  the  criteria  for  the — 

MR.  HELMS:  Yes,  in  other  words,  when  you  send  in  and  you  say  I want 

this  to  be  an  HV2  system,  and  Dr.  Gottesman  says,  "Well,  I wish  you  had  per- 
formed these  tests  and  reported  to  us  as  follows,"  and  you  do  that,  is  that  all 
housed  somewhere  and  exposed  to  the  public  view,  should  anyone  wish  to — ? 

DR.  GARTLAND:  Yes,  let  me  explain.  The  protocols  for  testing  an  EK2 
phage  and  plasmid  system  are  written  up.  They  are  a matter  of  record.  They 
are  in  the  process  of  being  published  in  the  Recombinant  DNA  Technical  Bulle- 
t in , and  the  first  issue  is  going  to  have  an  article  on  the  phage  systems. 

All  the  other  systems  are  certainly  available  and  documented  in  our  files, 
and  they  also  will  be  published  in  the  Bulletin  when  decisions  are  made. 

DR.  FREDRICKSON:  Yes,  we  intend  to  keep  a clear  public  record  of  that 

activity.  I would  want  to  correct,  though,  when  you  said  "HV  systems." 

Clearly  we  are  not  dealing  in  that  HV  terminology  yet.  These  are  proposed 
revisions,  just  for  clarification. 

MR.  HELMS:  Of  course. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Is  it  fair  to  ask  Bob  Sinsheimer,  upon  listening  to  what  Bob 

Bock  has  suggested  in  terms  of  objective  criteria,  whether  you  think  that 
would  solve  some  of  your  difficulty  in  this  area,  and  whether  you  think  it  is 
a feasible  approach? 

DR.  SINSHEIMER:  Well,  it  would  certainly  be  helpful,  and  I should  think 

it  would  be  feasible.  It  doesn't  entirely  relieve  my  concern,  because  the 
concern  is  not  merely  what  is  the  pathogenicity,  let  us  say  of  E.  coli  K-12 
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per  se,  but  also  what  is  the  likelihood  that  it  could  become  more  patho- 
genic as  a result  of  some  gene  which  you  introduced  into  it? 

MR.  HUTT:  So  you  can  never  know  what  all  the  objective  criteria  are. 

DR.  SINSHEIMER:  If  you  knew  enough  about  it  to  say,  "Well,  you  have 

really  got  to  put  three  separate  genes  in  it,  and  that  would  be  the  only 
way  you  could  make  it  pathogenic,"  then  that  would  be  a more  definitive 
statement.  Do  you  agree? 

DR.  FREDRICKSON:  Dr.  Allan  Campbell  of  the  RAC. 

DR.  CAMPBELL:  Could  I just  ask  Bob  Sinsheimer  for  a clarification  here, 

because  I don't  quite  understand  what  you  are  saying.  What  is  there  that 
you  could  do  with  any  other  organism  that  hasn't  already  been  done  with  E. 
col i K-12  in  this  respect? 

DR.  SINSHEIMER:  I am  not  asking  that  any  more  be  done  with  K-12,  Allan. 
Secondly,  this  will  hark  back  to  some  suggestions  that  were  made  a year  and  a 
half  ago.  One  might  go  back  to  the  idea  of  trying  to  find  some  organisms 
which  you  knew  only  were  adapted  to  a very  restrictive  environment,  you  know, 
and  at  one  point  you  were  talking  about  possibly  using  the rmoph  i les , where 
you  have  a whole  host  of  genes  and  so  forth  which  you  know  produce  products 
which  are  adapted  only  to  high  temperatures.  Do  you  follow  what  I am  getting 
at? 


DR.  CAMPBELL:  Well,  I don't  quite  follow  it  logically,  and  this  isn't 
the  time  for  an  extensive  discussion,  but  I don't  see  quite  logically  how 
you  can  know  whether  it  is  easier  to  change  those  characteristics  by  adding 
a few  genes  than  it  is  to  change  the  properties  of  K-12  by  adding  a few 
genes . 

DR.  SINSHEIMER:  Well,  just  a priori,  an  organism  which  has  been  adapted 

over  many,  many  generations  to  life  only  in  a temperature  above  60  degrees,  I 
would  imagine,  would  require  more  changes  to  make  it  grow,  say  at  37,  than  an 
organism  which  at  one  time  certainly  was  adapted  to  grow  in  the  human  intes- 
tine, K-12,  but  has  lost  a number  of  things  presumably  in  the  laboratory,  but 
we  don't  know  how  many  things.  That  is  what  I am  saying. 

DR.  FREDRICKSON:  Dr.  Hornick. 

DR.  HORNICK:  My  name  is  Dr.  Hornick,  and  I am  in  infectious  disease. 

We  have  been  feeding  organisms  for  a number  of  years  to  try  to  develop 
oral  vaccines,  and  we  have  taken  K-12  and  mixed  it  with  some  virulent 
Sh  igel la . Dr.  Formal  has  made  these  strains,  and  then  we  fed  them, 
with  the  idea  of  trying  to  make  a better  oral  vaccine.  So  when  you  put 
genes  in  for  Shigel la — and  Sh igel la , in  order  to  cause  disease,  has  to 
penetrate  and  has  to  multiply  in  the  epithelial  cell — If  it  doesn't 
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multiply  or  doesn't  penetrate,  it  doesn't  cause  disease.  So  when  you  put 
these  virulent  genes  into  the  E.  coli,  into  the  K-12  as  a matter  of  fact, 
or  even  other  strains  that  you  isolate  from  stools  of  normal  individuals, 
and  put  this  Shigella,  the  virulent  genes  into  it,  the  genes  that  allow  the 
Shigella  to  penetrate  and  multiply,  the  E.  coli  does  not  penetrate  and  does 
not  multiply.  So  here  two  alterations  have  been  done  in  terms  of  trying  to 
upgrade  the  virulence  of  this  E.  coli  to  make  it  like  Shigella,  and  this 
has  failed.  This  is  giving  large  numbers  of  organisms  to  volunteers,  enough 
that  would  produce  shigellosis  if  this  was  a parent  organism. 

DR.  FREDRICKSON:  Dr.  Hornick  is  also  a member  of  the  Recombinant 

Advisory  Committee,  a new  member.  Dr.  Szybalski,  who  just  left  this  Com- 
mittee, had  his  hand  up  too  on  this  same  matter.  Yes,  please. 

DR.  SZYBALSKI:  First,  about  E.  coli  K-12,  it  does  not  grow  in  the 

intestinal  tract  and  does  not  colonize,  and  doesn't  grow  in  nature.  No 
coli  grows  in  nature.  It  perishes  very  fast  and  that  is  the  reason  why 
you  use  a coli  test  for  recent  fecal  contamination,  because  you  see  only 
recent  contamination.  A few  days  later  it  is  gone.  It  doesn't  survive, 
and  that  is  the  reason  it  is  an  indicator. 

Now,  to  answer  your  question,  I think  the  best  would  be  to  take  a 
quotation  from  the  Gorbach  letter,  which  refers  to  Dr.  H.  W.  Smith,  who 
is  really  a specialist  in  this  field,  and  he  says  that  first  there  was  a 
consensus  agreement  with  the  concept  that  E^  Coli  K-12  could  not  be  appar- 
ently converted  to  an  epidemic  pathogen  by  inserting  DNA  molecules.  Indeed, 
Dr.  H.  W.  Smith  carried  the  assertion  one  step  further,  saying  that  in  his 
opinion  not  only  this  would  not  happen  inadvertently,  but  even  deliberate 
attempts  to  produce  epidemic  pathogens  would  require  20  years  of  full  time, 
and  it  would  be  an  evil  effort. 

DR.  FREDRICKSON:  If  we  allow  the  members  of  the  Recombinant  Advisory 

Committee  to  continue  this  colloquy,  I think  it  may  be  extremely  valuable 
to  the  members  of  this  Committee  if  we  do  that. 

Are  there  further  questions  directed  to  this  particular  problem  or  Dr. 
Bock's  last  presentation? 

Ms.  Simring,  you  are  a witness,  and  we  will  give  you  an  opportunity, 

Ms.  Simring,  after  this  to  return  again. 

MR.  THACHER:  I have  some  comments  on  this  question  which  I will  give 

as  a witness  later,  but  I would  be  happy  to  state  them  now. 

DR.  FREDRICKSON:  You  are  in  the  same  case,  Mr.  Thacher,  but  I don't 

want  to  be  overridingly  severe.  You  have  a question  for  Dr.  Bock? 

MR.  THACHER:  No,  on  the  question  of  how  well  we  understand  the  patho- 

genicity of  E.  coli  K-12. 
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DR.  FREDRICKSON:  You  will  have  the  opportunity  to  return  to  this 

same  subject  during  the  public  witness  section. 

Any  other  comments? 

Dr.  Tooze,  did  you  want  to  come  at  this  time,  or  on  the  next,  experi- 
mental guidelines?  Or  do  you  realize  it  is  so  close  to  coffee? 

DR.  TOOZE:  I would  like  to  say  something  about  the  risk-testing  experi- 
ments. Is  that  appropriate  now? 

DR.  FREDRICKSON:  Please  take  the  podium,  if  you  will.  This  is  Dr.  John 

Tooze,  who  brings  to  us  the  summary  of  the  activities  and  the  attitudes  of 
both  the  European  Molecular  Biology  Organization  and  the  European  Science 
Foundation,  which  literally  between  them  control  the  nature  of  guidelines 
and  standards-set ting  in  all  western  Europe. 

Dr.  Tooze. 

DR.  TOOZE:  Someone  mentioned  the  difficulty  of  the  American  Guide- 

lines prohibiting  or  inhibiting  risk-testing  experiments.  I think  that 
is  a very  serious  proposition.  I understand  that  one  particular  experi- 
ment, a polyoma  insertion  experiment,  has  been  hung  up  for  whatever  proce- 
dural or  mechanical  reasons  here. 

I would  just  report  briefly  that  the  same  experiment  is  being  done 
in  Europe.  The  British  GMAG  said  it  did  not  require  P4  containment  because 
of  the  threat  to  anybody,  but  only  because  of  the  integrity  of  the  experi- 
ment. You  don't  want  adventitious  infection  of  the  experimental  animals. 

The  situation  is  that  the  polyoma  plasmid,  polyoma  lambda  hybrids,  have 
been  made  and  been  propagated,  and  they  are  being  characterized  chemically 
in  Zurich  and  in  Edinburgh,  and  they  will  be  used  to  transfect  mouse  cells 
in  London  in  January,  and  then  we  shall  proceed  from  there  to  do  the  experi- 
ment in  mice. 

That  is  all  I would  like  to  say  at  this  juncture,  except  perhaps  con- 
cerning subtilis.  Tomorrow  in  Sweden  the  Swedish  National  Committee 
will  have  a proposal  to  do  a cloning  experiment  with  B.  subtilis  and  a 
Staphylococcus  aureus  plasmid  vector.  It,  I am  sure,  will  defer  any  final 
decision.  But  the  French  Committee  met  two  days  ago  and  they  have  set  up  a 
subcommittee  to  try  and  reach  some  specific  criteria  for  a biologically 
contained  B^  subtilis-Staphylococcus  aureus  plasmid  vector  system. 

DR.  FREDRICKSON:  Hold  it  just  a moment,  John.  Do  the  members  of  the 

Committee  have  any  questions  for  Dr.  Tooze  on  these  points? 

DR.  AHMED:  What  was  the  nature  of  these  experiments?  Does  it  have 

anything  to  do  with  risk-assessment,  or  just  to  see — 
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DR.  TOOZE : No,  the  risk-assessment  experiment  is  to  take  polyoma  DNA 

intact,  and  put  it  into  a plasmid  and  into  a lambda  phage  vector,  put  it  into 
E.  coli,  and  then  put  those  coli  into  mice,  baby  mice,  and  see  whether  they 
come  down  with  an  infection.  That  is  a simulation  of  one  of  the  possible 
escape  routes  of  a recombinant  DNA  in  the  things  you  have  been  talking 
about . 

The  situation  is  we  have  made  the  recombinant  molecules  and  have  prop- 
agated them,  and  have  chemically  characterized  them,  and  then  to  see  that 
they  still  have  some  infectivity — the  polyoma  DNA  that  is  in  there  still  has 
some  inf ect ivi ty--they  will  be  put  on  mouse  cells  in  culture  early  next  year, 
and  then  finally,  do  the  mouse  experiment,  which  is  the  expensive  part  of  the 
business . 

Now,  this  experiment  is  not  novel.  It  was  first  discussed  in  a meeting 
of  the  American  Recombinant  DNA  Advisory  Committee,  and  at  one  stage  it  was 
to  be  done  here  by  Drs.  Martin  and  Rowe,  and  in  Europe  by  our  group.  I think 
that  if  I understood  it  correctly,  a special  dispensation  was  given  by  the 
American  Committee  to  conduct  this  experiment,  but  now  the  block  to  it  is 
either  because  there  is  no  P4  facility  available,  or  because  of  court  injunc- 
tions on  the  use  of  it  when  it  is  available.  All  I am  saying  is  that  whatever 
is  going  on  there,  the  experiment  is  already  under  way  and  proceeding  on  the 
other  side  of  the  Atlantic. 

DR.  FREDRICKSON:  Sir  John. 

SIR  JOHN  KENDREW:  Well,  as  the  one  non-American  member  of  your  Com- 

mittee, I could  comment  that  it  does  seem  to  me  an  unfortunate  thing,  if 
true,  that  an  important  risk-testing  experiment  has  been  inhibited  for  any 
bureaucratic  reasons,  because  it  seems  to  me  that  everybody  would  agree 
that  everything  should  be  done  to  encourage  the  performance  of  risk-testing 
experiments.  I can  only  say  that  speaking  as  a European,  I am  glad  we  are  on 
the  way,  and  I think  it  is  a pity  that  you  are  not. 

(Laughter . ) 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Could  we  hear  a brief  statement  of  the  actual  situation 

there — why  it  has  not  gone  forward,  if  someone  knows? 

DR.  FREDRICKSON:  It  is  Dr.  Rowe's  experiment,  so  I think  he  should 

go  ahead  and — 

DR.  ROWE:  No,  it  is  really  Dr.  Martin's,  but  I am  the  talker  and  he 

is  the  doer. 

The  major  project  is  that  we  had  a very  nice  second  birthday  party  for 
it  a week  ago,  since  its  inception,  and  we  are  nursing  it  in  the  incubator 
very  well.  Malcolm  has  done  the  preliminary  work.  He  has  developed  the 
cloning  systems  and  so  on,  and  scientifically  it  has  been  ready  to  go  for 
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a long  time.  Getting  this  one  segment  of  Fort  Detrick  upgraded  to  the 
immensely  rigorous  requirements  of  P4  in  the  current  Guidelines  and  future 
Guidelines  has  taken  very  much  time.  They  haven't  quite  certified  the 
system.  Only  trivia  remain  as  far  as  safety  certification.  There  were  also 
delays  in  transferring  jurisdiction  of  that  half  of  a building  with  the  P4 
system  in  it  from  Litton  Bionet ics,  back  to  the  Government,  rehiring  the 
people  away  from  Litton  as  Government  employees,  because  Litton  couldn't 
touch  it  because  of  the  uninsurability.  There  is  a lawsuit  against  it  which 
has  been  requested  to  be  vacated,  now  that  the  Environmental  Impact  Statement 
on  the  Guidelines  has  been  finalized.  I wish  you  all  success. 

(Laughter . ) 

DR.  AHMED:  Have  standardized  protocols  been  developed  to  do  adequate 

risk-assessment  tests  as  was  mentioned  by  the  last  speaker,  that  have  been 
generally  accepted?  I mean,  how  do  you  set  up  such  experiments  and  do 
it  so  that  the  experiments  have  some  meaning,  statistically  speaking,  or 
whatever. 


DR.  FREDRICKSON:  Perhaps  Dr.  Martin  who  was  the  other  partner  in  this 

experiment  could  answer  that  very  briefly.  Malcolm. 

DR.  MARTIN:  I will  try  to  answer  the  question.  There  is  no  such 

thing  as  one  specific  risk-assessment  experiment.  There  may  be  20  or  40  or 
100.  This  particular  experiment  that  Dr.  Rowe  just  mentioned  was  designed 
almost  by  committee.  We  sent  letters  out  to  colleagues  around  the  world, 
and  they  made  comments  about  how  they  thought  certain  aspects  should  be 
done.  Actually,  we  are  engaged  in  other  types  of  risk-assessment  experi- 
ments, some  of  which  have  not  been  circulated  among  as  wide  a group  of 
people . 

This  is  in  response  to  a comment  that  Dr.  Weiss  mentioned  a few  minutes 
ago.  We,  in  order  to  do  this  experiment,  have  to  stay  within  the  Guidelines, 
and  we  are  trying  to  assess  risk.  One  part  of  the  experiment  involves  the 
feeding  of  E.  col i-cont aining  polyoma  virus  DNA  to  mice.  This  is  one  of 
the  concerns  that  people  have:  What  will  happen  if  somebody  inadvertently 

swallows  E . col i containing  a potential  cancer  virus?  This  is  a model 
system.  The  E.  col i that  we  are  using  for  this  experiment  is  sensitive 
to  bile.  It  is  an  EK2  certified  E . col i . So  before  we  start  at  least  that 
one  part  of  the  experiment  we  know  we  are  not  going  to  get  any  results, 
because  the  Guidelines  say  you  have  to  use  this  kind  of  E.  coli. 

Now,  there  is  another  part  of  the  experiment  involving  a lambda  vector. 

I don't  want  to  get  too  technical,  but  that  will  survive  the  GI  tract,  and 
we  will  get  some  answers  with  that.  But  all  through  this  thing,  and  as 
Wally  indicated,  it  has  been  two  years  now  since  we  started  planning  this 
experiment.  It  seems  to  me  we  all  want  to  know  the  answer  one  way  or  the 
other  in  order  to  plan  for  the  future.  We  have  stayed  within  the  Guidelines, 
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we  have  agreed  to  do  some  things  that  don't  seem  to  make  a lot  of  sense 
scientifically,  but  here  is  what  the  rules  are.  We  have  gone  along  with 
it . 


I can't  tell  you  how  frustrated  I felt  this  morning  when  I talked 
to  John  Tooze  and  he  said  to  me,  "We  have  already  moved  ahead  in  this 
direction;  can  you  give  us  information  on  how  to  inoculate  animals,"  which 
we  know  how  to  do. 

MR.  HUTT : Has  the  problem  been  getting  the  exemption  from  NIH,  or 

has  the  problem  been — which  I can  understand — transferring  from  Litton  to 
the  Government  and  rehiring  people,  et  cetera,  which  are  not  the  fault  of 
the  Guidelines? 

DR.  MARTIN:  There  have  been  many  problems.  There  is  a lawsuit  right 

now  which  specifically  says  we  can't  go  ahead. 

MR.  HUTT:  That  is  not  the  fault  of  the  Guidelines  either.  Is  there 

something  that  could  be  changed  in  the  Guidelines  to  make  that  easier,  or 
are  these  outside  things  that  the  Guidelines  don't  affect? 

DR.  MARTIN:  Correct  me  if  I am  wrong,  but  I think  there  is  nothing 

in  the  original  Guidelines  that  gives  the  Director  of  the  NIH,  I think, 
specific  direction  to  grant  exemptions  specifically.  I think  the  inser- 
tion of  such  a prerogative  this  time  should  help  to  overcome  this  diffi- 
culty. 


DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  One  other  question  bothers  me  here.  Why  did  we  consider 

this  had  to  be  at  the  highest  level  of  containment,  and  why  was  it  not 
considered  necessary  in  Europe?  Is  this  something  we  ought  to  be  thinking 
about  here?  We  are  in  biological  containment  now,  and  here  was  a tremen- 
dously important  experiment,  otherwise  we  wouldn't  have  spent  two  years  of 
our  time  thinking  about  it.  Could  it  have  gone  ahead? 

DR.  FREDRICKSON:  Dr.  Tooze,  would  you  answer  Mr.  Helms'  question? 

DR.  TOOZE:  I think  a very  short  answer  which  I would  like  to  come 

back  to  later  on  is  that  it  seems  to  us  in  Europe  that  the  American  Guide- 
lines for  work  involving  viral  nucleic  acids  are  hopelessly,  excessively 
stringent,  and  the  European  committees  do  not  go  along  with  this  naive 
overstr ingency . 

DR.  FREDRICKSON:  I would  like  to  adjourn  on  that  note,  and  we  will 

return  exactly  in  15  minutes,  after  coffee. 

(Brief  recess.) 
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DR.  FREDRICKSON:  The  Committee  will  come  to  order.  The  next  invited 

witness  is  Ms.  Pfund.  Do  you  have  something  to  say  at  this  point,  Ms. 
Pfund? 


MS.  PFUND:  I would  just  like  to  say  that  while  I found  the  previous 

discussion  interesting,  I was  a little  disturbed  by  the  tone  I perceived, 
which  seemed  to  me  that  people  are  chomping  at  the  bit  a little  to  get 
these  other  host-vector  systems  approved  as  rapidly  as  possible,  but  still 
insuring  safety.  And  I think  that  really  if  we  take  the  certification  of 
EK12  systems  as  an  example,  we  should  be  sobered  by  the  fact  that  even 
though  we  know  so  much  about  that  organism  and  we  have  studied  it  for  so 
many  years,  it  still  requires  an  enormous  effort  to  develop  studies  and 
tests  before  we  can  make  any  claims  about  the  safety  of  this  host-vector 
system. 


I think  Dr.  Sinsheimer  raised  some  points  questioning  the  legitimacy 
of  claiming  the  EK12  system  as  safe  at  this  time.  I don't  think  he  is  alone. 
I,  for  one,  agree  with  him.  I know  other  scientists  that  do.  So  I would 
urge  that  instead  of  acting  like  we  have  to  catch  up  with  the  Europeans  as 
far  as  approving  all  these  other  host-vector  systems,  that  we  should  certify 
systems  with  deliberate  caution  and  with  real  attention  to  the  special 
problems  created  when  we  are  dealing  with  new  vectors  or  new  hosts. 


I think  Mr.  Helms  brought  up  a good  point  when  he  asked  if  the  cri- 
teria and  the  instructions  to  investigators  developing  these  systems  are 
matters  of  public  record.  I would  urge  that  they  not  only  be  matters 
of  public  record,  but  be  distributed,  and  that  the  NIH  make  a policy  of 

garnering  comment  on  the  data  itself,  and  the  level  of  specificity  in 

the  criteria.  I think  in  the  Guidelines  at  this  point  it  is  not  specific 
enough.  Not  only  the  criteria,  but  the  process  used  to  evaluate  the  cri- 
teria. It  describes  making  a subcommittee  of  the  Advisory  Committee, 
and  putting  other  people  on  it  chosen  because  of  their  expertise  in  eval- 
uating such  data.  I think  that  ought  to  be  made  more  clear,  what  this 

expertise  is,  what  is  the  range?  I mean,  does  it  include  epidemiologists, 
infectious  disease  people,  microbial  ecologists.  I think  it  is  important 
to  really  be  explicit  about  what  level  of  review  you  are  going  to  have,  and 
who  is  going  to  have  input  into  the  review  process.  I think  by  creating 
vaguely  constituted,  vaguely  constructed  subcommittees,  the  NIH  skirts 
important  issues  of  who  determines  what  will  be  sufficient  data  to  merit 
certification,  and  on  what  grounds  such  decisions  should  be  made. 


I think  the  NIH  should  make  an  aggressive  effort  to  disseminate  all 
such  information  to  the  public  and  to  relevant  professionals  before  any 
decisions  are  made  as  co  certification.  One  way  to  do  this  is  to  require, 
not  merely  encourage,  that  investigators  publish  their  data  on  these  systems 
before  these  decisions  are  made,  and  by  circulating  the  data  and  by  eliciting 
comments  I think  we  will  have  more  of  a chance  of  really  critical  review  of 
these  systems  rather  than  just  in-house  review  of  the  systems. 
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DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Yes,  I wanted  to  ask  one  question.  I would  gather  that 

you  would  agree  with  the  specific  portion  that  has  been  added  to  these  pro- 
posed Guidelines  that  the  Director  be  given  the  discretion  to  allow  risk- 
assessment  experiments  to  go  forward  outside  the  Guidelines.  I would  think 
that  you  would  be  in  favor  of  that.  Is  that  so? 

MS.  PFUND:  I am  not  going  to  give  a blanket  approval,  but  I think 

that  risk-assessment  studies  need  to  be  done  that  perhaps  will  require 
relaxing  the  Guidelines  for  those  specific  instances. 

MR.  HELMS:  Well,  I assume  that  the  Director  would  exercise  that  dis- 

cretion with  the  utmost  care.  I think  that  is  assumed.  But  under  those 
circumstances,  or  with  that  proviso,  would  you  endorse  that  suggestion? 

MS.  PFUND:  Yes,  I would,  but  I still,  as  far  as — I still  see  the  need 

for  very  deliberate  caution  in  the  certification  process. 

DR.  FREDRICKSON:  Dr.  Ahmed. 

DR.  AHMED:  That  was  the  same  question  I had. 

DR.  FREDRICKSON:  Are  there  any  other  questions  for  Ms.  Pfund? 

Dr . Tooze . 

DR.  TOOZE:  May  I just--since  this  is  the  public  record,  it  ought  to 

be  accurate.  I did  not  say  that  any  European  group  certified  any  system 
other  than  E.  coli,  but  simply  that  they  were  interested  in  doing  so. 

MS.  PFUND:  Okay,  but  it  seems  like  they  are  farther  along  in  the 

process . 

DR.  TOOZE:  That  makes  things  accurate,  and  that  always  helps. 

MS.  PFUND:  O.K.,  I'm  sorry. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Tooze.  Are  there  other  comments  or 

questions  ? 

Dr.  Davis  had  a brief  comment  as  a public  witness  at  this  point.  Dr. 
Davis  is  not  here? 

Then  Dr.  Cape,  who  asked  for  a small  amount  of  time. 

DR.  CAPE:  Again,  I would  like  to  make  a brief  general  statement,  and 

Dr.  Gelfand  will  follow  with,  again,  hopefully  brief  specific  statements. 
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Many  people  have  great  interest  in  alternative,  non-E.  coli  host- 
vector  systems.  That  is  clear.  The  pace  at  which  we  go  ahead  with  those 
is  obviously  what  is  being  discussed.  And  many  of  the  reasons  are  docu- 
mented. Other  people  have  made  submissions,  and  I won't  even  repeat  or 
refer  to  them.  But  we  do  have,  and  I have  already  stated  this,  a specific 
interest  in  these,  for  reasons  firstly,  that  they  may  be  the  favorable  way 
to  get  industrial  production  as  one  of  the  ult imate--and  I am  not  specifying 
a time  frame  on  this--raeans  of  getting  some  practical  use  out  of  recombinant 
DNA  techniques,  and  there  also  may  be  safety  factors.  We  would  like  to  start 
to  look  into  these  alternative  host-vector  systems. 

I think  it  is  important  to  be  very  clear  that  looking  at  survival, 
looking  at  survival  in  natural  and  non-natural  environments,  and  trans- 
missibility,  and  disabling  wild  type  organisms  does  not  necessarily  involve 
work  with  recombinant  DNA.  But  certification  of  host-vector  systems  does 
involve  communication  of  data  to  NIH.  It  is  the  only  way  you  can  do  it  now. 
Now,  my  questions  are,  Will  NIH  receive  such  data  from  industry?  Will  it 
certify  such  new  systems  from  industry?  Will  NIH  insist,  as  the  proposed 
Guidelines  reiterate,  on  distributing  new  host-vector  systems  to  all  quali- 
fied applicants  for  them?  I think  industry  will  want  to  know  that. 

We  need  answers.  We  want  contact  and  cooperation.  That  really  is 
my  major  point.  I think  really  right  now  we  are  out  in  the  cold  without 
any  really  clear  way  of  handling  that  communication. 

DR.  FREDRICKSON:  Do  you  give  the  rest  of  your  time  to  Gelfand? 

DR.  CAPE:  That  is  right. 

DR.  FREDRICKSON:  Do  you  have  any  further  comments  to  make,  Dr.  Gelfand? 

DR.  GELFAND:  Yes,  I do.  I want  to  talk  about  alternate  HV1  systems, 

alternate  prokaryotic  HV1  systems.  We  feel  that  one  should  not  have  to 
demonstrate  lower  survival  in  the  natural  environment.  It  is  not  clear 
what  that  means,  first  of  all.  If  one  is  dealing,  for  example,  with  a 
St reptomyces  that  was  first  isolated  many  years  ago  in  Europe  or  South 
America,  does  one  have  to  go  back  to  that  soil  in  Europe  or  South  America 
and  attempt  to  re-isolate  the  same  soil  organism?  We  feel  that  if  one 
is  dealing  with  a nonpathogenic  (for  plant,  human,  and  other  animal)  soil 
organism,  and  if  in  addition  one  is  using  nontransmi ss ib le  vectors,  if  the 
host  is  nonpathogenic,  and  if  the  donor  DNA  had  been  isolated  from  a non- 
pathogenic, Class  1,  etiologic  agent,  either  a lower  eukaryote  or  prokaryote, 
then  there  is  absolutely  no  need  for  lower  survivability  for  such  an  HV1 
system. 

DR.  FREDRICKSON:  Are  there  comments  or  questions  for  either  Dr.  Cape 

or  Dr.  Gelfand? 
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Mr.  Hutt. 

MR.  HUTT:  Could  we  have  some  clarification  as  to  the  intended  appli- 

cation of  the  Guidelines  to  industrial  research,  because  that  has  come  up 
now  on  two  occasions? 

DR.  FREDRICKSON:  I think  again  this  is  primarily  a matter  for  roles 
and  responsibilities.  I think  it  is  appropriate  for  this  to  have  been 
raised  because  our  question  at  NIH  would  be  to  seek  the  attitudes  of  both 
industry  and  nonindustrial  people  about  any  references  within  the  Guide- 
lines that  would  intend  to  permit  them  to  be  applied  under  some  circum- 
stances to  industry.  Obviously  the  matter  of  handling  proprietary  informa- 
tion and  so  forth  is  a key  one  to  industry.  It  is  not  at  this  present  time 
addressed  in  the  Guidelines.  I think  we  will  have  to  reserve  for  tomorrow 
though,  probably,  the  question  of  what  might  be  the  wisest  thing  to  do  in 
that  regard. 

I think  the  same  thing  is  true  in  a way  for  the  distribution  of  HVl 
systems,  Dr.  Cape.  You  brought  that  up.  NIH  is  gearing  up  to  distribute 
HV2  and  HV3  systems,  and  it  will  certainly  attempt  to  do  that  probably  for 
both  the  private  and  the  public  sector  of  research  in  this  country,  and  it 
will  also  attempt  to  supply  the  world  need  insofar  as  it  is  possible  and 
appropriate  for  us  to  do  so. 

Mr.  Beaty. 

MR.  BEATY:  Regarding  your  last  statement,  I have  read  where  you  will 

be  distributing  the  HV3  and  HV2  systems.  Do  you  mean  to  include  HVl  as 
well? 

DR.  FREDRICKSON:  It  is  conceivable,  yes,  that  we  might  include  HVl's. 

Yes,  I meant  that  we  are  considering  that. 

Dr.  Wright. 

DR.  WRIGHT:  I have  a question  for  Dr.  Gelfand.  Are  you  suggesting 

that  Chi-1776  is  not  strong  enough  for  your  purposes? 

DR.  FREDRICKSON:  I don't  believe  anybody  can  hear  you,  and  I know  you 

are  not  being  recorded.  Could  you  repeat  the  question? 

DR.  WRIGHT:  I am  sorry;  I will  stand  up.  Are  you  suggesting  that 

Chi-1776  is  not  a strong  enough  host  organism  for  your  purposes,  or  were 
you  making  that  reference  to  E.  coli  K-12? 

DR.  GELFAND:  No. 

DR.  WRIGHT:  Are  you  contemplating  using  something  stronger  than  E^ 

coli  K-12? 
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DR.  GELFAND:  We  are  contemplating  trying  to  develop  alternate  pro- 

karyotic systems — for  example,  Streptomyces , soil  organisms.  For  a great 
many  potential  experiments,  E.  col i K-12  is  totally  inappropriate,  not 
because  it  is  unsafe,  but  because  the  DNA  might  not  be  expressed  in  it, 
because  E.  col i K-12  isn't  known  to  produce  antibiotics.  One  might  want 
to  attempt  to  use  these  techniques  to  develop  new  and  safer  antibiotics. 


DR.  FREDRICKSON:  Are  there  any  other  comments  from  the  Committee, 

or  questions? 


There  being  none,  we  will  move  to  the  public  witnesses  in  this  section. 
The  three  public  witnesses  who  have  asked  for  time  include  three  who  have 
spoken  several  times  previous  to  this.  I must  keep  us  to  our  schedule  as 
closely  as  possible.  I will  therefore  allot  you  three  minutes,  each  of  you, 
beginning  with  Dr.  Schwartz. 

DR.  SCHWARTZ:  I wonder  if  I can  protest  that.  I have  cut  out  half 

of  my  talk  to  get  it  down  to  five.  It  is  very  difficult,  and  it  is  fairly 
technical . 


DR.  FREDRICKSON:  Then  I would  suggest,  Dr.  Schwartz,  that  you  speak; 

and  perhaps  we  will  ask  several  of  the  others  to  wait  until  this  evening  when 
we  will  have  makeup  time.  You  may  have  five  minutes. 


DR.  SCHWARTZ: 


I will  try  to  get  through  it. 


It  has  been  asserted  that  the  security  of  biological  containment  is 
evidenced  by  exceptionally  low  probabilities  of  organisms  escaping,  surviving, 
and  ultimately  causing  infection.  I submit  that  the  assumptions  and  calcu- 
lations leading  to  these  optimistically  low  probabilities  are  not  valid.  The 
reliability  theory  has  had  its  greatest  success  in  dealing  with  electronic 
systems.  Its  use  in  assessing  the  reliability  of  a particular  system  requires 
knowledge  of  all  significant  component  failures  and  failure  combinations  that 
are  possible  in  that  system.  It  is  necessary  to  test  the  entire  system  to 
determine  the  individual  rates  of  component  failure. 


In  addition,  the  choice  of  the  appropriate  mathematical  model  depends 
upon  observation  of  system  performance.  The  laboratory  experiments  on 
isolated  components  do  not  include  environmental  effects,  nor  do  they  take 
into  account  interactions  between  various  components.  Included  in  the  system 
we  are  considering  here  are  not  just  the  vector,  host,  and  foreign  DNA,  but 
also  the  researchers,  maintenance  workers,  students,  laboratory  animals, 
and  tests.  Perhaps  we  must  also  consider  the  possibility  of  unauthorized 
intruders  as  well. 


The  accepted  risk  analysis  has  implicitly  assumed  that  separate  com- 
ponents of  a system  act  independently,  and  that  therefore  one  may  compute  the 
probability  of  their  simultaneous  failure  by  multiplying  the  probabilities  of 
the  individual  failures.  This  is  a serious  error. 
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As  an  example,  consider  the  fire  at  Browns  Ferry  Nuclear  Plant  on 
March  22,  1975.  The  design  of  the  plant  included  redundant  safety  systems 
so  that  it  appeared  that  the  failure  of  all  of  them  would  be  very  unlikely. 
Nevertheless,  the  safety  systems  were  all  disrupted  simultaneously  by  a fire 
that  destroyed  their  electrical  cables.  A costly  shutdown--hundreds  of 
millions  of  dollars--of  the  plant  has  resulted.  Disaster  of  catastrophic 
proportions  was  avoided  only  because  equipment  was  available  to  cool  the 
reactor  that  was  not  even  part  of  the  sophisticated  safety  system.  The 
safety  system  failed  totally. 

Another  indication  of  the  failure  to  take  component  interaction  into 
account  is  visible  in  the  uncritical  acceptance  of  the  linear  hypothesis  with 
respect  to  survivability  of  organisms.  Here,  it  is  assumed  if  X organisms 
out  of  N survive  in  a certain  medium,  then  the  probability  of  a single 
organism  surviving  is  X-over-N,  and  usually  N is  very  large,  and  X-over-N  is 
very  small.  This  is  a dangerous  assumption.  Enfeebled  organisms  will  be 
competing  for  scarce  nutrients  that  may  be  available  only  in  trace  amounts, 
and  may  kill  each  other  off.  A few  such  organisms  may  have  a much  better 
chance  of  surviving  at  least  long  enough  to  exchange  some  of  their  DNA. 

Similarly,  a large  number  of  organisms  might  destroy  some  other  orga- 
nisms that  could  act  as  their  host,  while  a small  number  might  survive 
as  parasites. 

The  weaknesses  of  oversimplified  reliability  theory  is  not  a matter 
merely  of  academic  speculation.  Fault  tree  analysis,  which  is  a simplistic 
form  of  reliability  theory  that  is  being  used  here,  was  used  to  predict  the 
reliability  of  the  main  engine  in  the  Apollo  service  module.  It  predicted 
a reliability  of  .9999,  one  failure  in  10,000.  The  highest  reliability 
actually  achieved  in  tests  was  .96.  The  theory  underestimated  failures  by  a 
factor  of  one  in  400.  "The  space  program  example  showed  approximately  20 
percent  of  the  ground  test  failures,  and  over  35  percent  of  the  in-flight 
malfunctions  and  failures  were  system  malfunctions  that  were  not  identified 
as  credible  prior  to  their  occurrence,  despite  a very  thorough  failure  mode 
analysis  made  prior  to  the  tests  or  in-flight  trials."  The  citation  is  in 
my  paper. 

The  fact  that  fault  tree  analysis  has  not  worked  well  for  complex 
physical  systems  does  not  augur  well  for  its  application  to  biological 
systems.  The  application  of  a very  unsophisticated  version  of  reliability 
theory  suggests  a premature  acceptance  of  mechanistic  reductionism  by  those 
who  use  it.  Probabilities  are  presented  as  if  those  parameters  are  definite, 
objective  determined  numbers.  In  fact,  these  probabilities  are  themselves 
random  variables  at  best.  It  is  important,  therefore,  to  know  what  the 
confidence  intervals  of  the  assessed  probabilities  are.  It  is  also  important 
to  appreciate  the  subjectivity  of  the  assessments.  To  depend  upon  a failure 
estimate  of  10-n,  we  must  determine  a confidence  interval  on  the  order  of  1 
minus  10-n.  What  good  does  it  do  to  say  that  the  probability  of  disaster  is 
only  10~25  if  the  chance  that  we  are  wrong  is  even  five  percent. 
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DR.  FREDRICKSON:  Thank  you. 

Now,  in  order  to  hear  from  the  other  witnesses,  we  will  omit  ques- 
tioning, and  proceed  to  Dr.  Wright,  who  will  also  have  five  minutes. 

MR.  HELMS:  Will  we  get  another  opportunity  for  questioning  these 

witnesses? 

DR.  FREDRICKSON:  I think  at  the  end  of  the  three  presentations,  unless 

you  would — 

MR.  HELMS:  I have  a question,  but  it  will  wait. 

DR.  FREDRICKSON:  All  right.  We  will  return  to  that  after  Dr.  Wright. 

Dr.  Wright,  your  time  is  beginning. 

DR.  WRIGHT:  Well,  again,  I would  just  like  to  make  a few  brief  comments 

I do  not  have  a prepared  statement. 

There  are  several  areas  that  I think  are  very  important  for  the  risk- 
assessment  process  in  general,  about  which  there  appears  to  be  very  little 
consensus  at  present,  and  I just  want  to  list  these. 

First  of  all,  on  the  pathogenicity  of  E.  col i , I think  the  remark  was 
made  that  it  is  not  a very  good  pathogen.  Well,  i f we  look  at  the  responses 
to  the  draft  Environmental  Impact  Statement,  Appendix  K,  page  63  in  the 
thicker  of  the  two  Yellow  Books,  we  have  the  following  statements.  "E.  col i 
has,  over  the  past  eight  years,  emerged  as  one  of  the  primary  causes  of 
gastroenteritis  and  diarrhea.  * * * E.  col i is  responsible  for  nearly  100 
percent  of  upper  urinary  tract  infections,  including  severe  cases  where  the 
kidneys  are  involved,  and  most  cases  of  cystitis.  This  type  of  infection  is 
independent  of  the  capacity  of  E.  col i to  colonize  the  human  gut."  I refer- 
red to  that  this  morning.  "E.  coli  is  the  etiologic  agent  for  30  to  40 
percent  of  the  cases  of  sepsis  (often  fatal.)  This  is  also  independent  of 
the  ability  of  E.  coli  to  colonize  the  gut." 

Second,  on  the  use  of  antibiotic  resistance  genes  as  markers,  the 
apparent  consensus  of  the  Recombinant  DNA  Advisory  Committee  is  that  such 
genes  can  be  used  at  the  HV1  and  HV2  levels,  but  not  at  the  HV3  levels 
because  of  the  problem  of  generating  possible  selection  advantage  if  DNA 
used  at  that  level  somehow  escaped  and  became  available  in  the  environment. 

Well  again,  other  scientists  apparently  disagree.  Sidney  Brenner,  of 
the  Cambridge  Molecular  Biology  Lab  has  flatly  said  that  antibiotic  resis- 
tance markers  should  be  banned.  This  also  appears  to  have  been  a matter  of 
some  debate  at  the  Falmouth  workshop. 

Finally,  there  appears  to  be  very  little  consensus  about  what  is  meant 
by  the  criterion  used  in  the  revised  definition  in  the  Guidelines  of  a phenom 
enon  that  "occurs  in  nature."  Apparently  the  Committee  accepts  Dr.  Cohen's 
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assumption  in  the  experiment  that  is  published  in  the  November  issue  of  PNAS, 
that  the  treatment  of  EL_  col i by  a calcium  chloride  salt  followed  by  heat 
shock  is  a condition  that  occurs  in  nature.  However,  I would  like  to  point 
out  that  Roy  Curtiss  apparently  disagrees  with  this,  because  in  his  letter 
to  Dr.  Fredrickson,  he  says  the  following.  "In  terms  of  transformation," 
and  that  is  the  process  that  was  used  by  Roy  Curtiss,  "this  is  not  known  to 
naturally  occur  in  enteric  bacteria.  One  can  induce  it  to  occur  by  treating 
E.  coli  with  calcium  chloride  at  zero  degrees,  and  then  rapidly  shifting  to 
42  degrees  Centigrade  for  a one-minute  heat  shock."  Something  of  that  kind 
was  performed  by  Stanley  Cohen.  Such  conditions  are  unlikely  to  be  encoun- 
tered in  nature. 

Well,  I can't  resolve  those  problems,  and  I doubt  very  much  whether 
they  can  be  resolved  on  the  spot  at  this  meeting,  but  I do  think  it  is 
important  that  they  are  resolved  before  decisions  are  made  on  revising  the 
Guidelines  in  any  way  that  depends  on  those  areas,  or,  for  that  matter,  on 
any  other  areas  of  demonstrated  lack  of  consensus  that  have  been  shown  to 
exist  at  the  moment.  So  I would  just  like  to  comment  that  I think  these 
are  very  important  matters  that  need  much  further  consideration  and  sustained 
attention,  not  a one-shot  meeting  in  this  very  intense  atmosphere,  in  which 
remarks  that  are  made  in  one  section  may  be  lost  for  further  consideration 
in  another  section. 

Thank  you,  Dr.  Fredrickson. 

DR.  FREDRICKSON:  Thank  you. 

Dr.  Wright  has  returned  to  the  subject  of  the  introduction  and  the 
definitions.  I think  I would  prefer  that  the  Committee  not  get  into  that, 
but  do  you  have  questions  or  comments  about  her  remarks  that  may  bear  on 
biological  containment? 

If  not,  I would  like  to  ask  Dr.  Schwartz  if  he  would  return  to  the 
podium.  There  are  two  members  of  the  Committee  who  would  like  to  ask  you 
questions.  I understand  the  first  of  these  may  be  Dr.  Neel. 

DR.  NEEL:  First,  I would  agree  with  Dr.  Schwartz  on  the  difficulties 

of  calculating  small  probabilities  assuming  independence  of  the  various 
component  parts  of  those  probabilities,  and  would  welcome  constructive 
suggestions  as  to  how  to  better  the  calculation  of  those  probabilities. 

You  refer  in  your  material  here,  the  second  point,  to  the  Browns  Ferry 
Nuclear  Power  Plant  where  a defective  design  did  indeed  come  to  light.  It 
is  somewhat  comforting  that  under  the  stress  of  the  situation,  additional 
safeguards  were  discovered  and  applied. 

I am  not  sure  what  you  mean  by  averting  an  incident  of  catastrophic 
proportions,  as  you  refer  to  this.  From  my  knowledge  of  that  situation, 
we  might  have  faced  a developement  similar  to  the  British  experience — the 
Windscale  experience  of  ten  years  ago--when  a nuclear  power  plant  was  tempo- 
rarily under  conditions  such  as  might  have  been  envisioned  here.  It  was 
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unfortunate,  but  not  catastrophic.  The  British  have  had  an  extensive 
experience  with  that  situation.  Sir  John  might  be  able  to  refer  to  that. 

DR.  SCHWARTZ:  I don't  think  Windscale  came  close  to  a melt-down, 

though;  whereas  if  they  had  been  unable  to  cool  the  reactor,  they  would 
have  been  faced  with  the  strong  possiblity  of  melt-down,  and  the  possible 
breach  of  containment  which  could  have  very  well  taken  many  lives. 

DR.  NEEL:  Well,  you  see,  we  are  back  into  possibilities  and  prob- 

abil it  ies . 

DR.  SCHWARTZ:  That  is  true. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  I am  not  enough  of  a mathematician  to  ask  you  the  question 

properly,  so  bear  with  me  here.  We  have  in  Appendix  P of  the  documents 
attached  to  the  Environmental  Impact  Statement  that  was  published  an  excerpt 
from  an  article  by  Robin  Holliday,  in  which  he  endeavors  to  set  out  the 
probabilities  here,  and  I gather  that  that  in  part  was  the  reason  why,  on 
page  99  of  the  thin  Yellow  Book,  efforts  were  made  to  go  through  the  A 
through  M list  of  things  that  would  have  to  happen  before  something  escaped 
and  harmed  somebody.  Now,  are  you  attacking  Holliday's  approach  to  this? 

DR.  SCHWARTZ:  Specifically  I have  attacked  Holliday's  article  on 

previous  occasions.  The  Holliday  article  involves  a lot  of  conjectural 
probabilities,  to  begin  with. 

MR.  HELMS:  Well,  I am  trying  to  say  now,  if  we  could  link  his  approach 
to  the  number  of  conditions,  do  you  agree  that  the  conditions  on  99  and 
100  would  have  to  occur  before  something — 

DR.  SCHWARTZ:  I am  afraid  I have  not  yet  been  sent  a copy  of  that — 

MR.  HELMS:  Well,  these  are  escape  of  foreign  DNA,  escape  from  the 

experimental  situation,  survival  after  escape,  and  so  on,  taking  you  through. 

DR.  SCHWARTZ:  Well,  there  are  two  problems  here.  One  is  that  you 

have  to  identify  all  such  sequences  that  can  lead  to  escape.  Now,  the  point 
of  one  of  my  quotations  was  that  there  are  many  malfunction  sequences  that 
have  occurred  in  rocket  testing  and  nuclear  power  plant  operations  that  were 
not  calculated.  I mean,  not  only  wasn't  the  probability  assigned,  they 
didn't  even  think  of  those  possible  sequences.  So  that  is  a very  big  problem, 
that  when  you  are  working  without  the  benefit  of  actuarial  data  and  you  try 
to  imagine  all  possible  things  that  can  go  wrong  and  then  compute  the  probabil- 
ities of  all  possible  things  that  can  go  wrong,  there  is  always  a very  great 
danger  that  you  will  forget  about  some  possibilities.  Who  would  think  of  the 
possibilities  of  workmen  going  around  looking  for  air  leaks  with  a candle  in  a 
nuclear  plant? 

MR.  HELMS:  Let  me  ask  you  one  more-- 
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DR.  SCHWARTZ:  I am  sorry,  that  is  not  a complete  answer  to  your  ques- 

tion, because  the  second  problem  is  this.  Even  if  you  identified  a sequence 
that  leads  to  faults,  if  you  then  assume  that  you  just  take  the  probability — 
suppose  you  have  good  information  on  what  the  component  probabilities  are, 
which  I claim  you  do  not  have,  then  there  is  still  the  problem  that  it  is  not 
necessarily  the  case  that  just  by  multiplying  those  probabilities  together,  a 
process  that  tends  to  make  the  number  very  small,  because  you  are  multiplying 
small  numbers  together,  and  you  get  even  smaller,  much  smaller  rapidly.  That 
is  not  justified,  unless  you  can  show  that  there  is  good  reason  to  believe 
that  the  various  parts  of  that  sequence  are  unconnected. 

Let  me  give  you  one  example.  For  example  you  might  say  that  the  proba- 
bility of  an  organism  infecting  a person  is  certainly  unconnected  with  the 
probability  of  its  escape.  But  I point  out  that  when  the  person  is  working 
on  a new  organism,  a person  is  very  likely  to  be  very  excited,  very  likely  to 
be  short  on  sleep  and  rest  and  so  forth,  and  therefore  there  is  a chance  that 
there  is  a connection  between  the  nature  of  the  organism  and  the  suscepti- 
bility of  the  experimenter,  that  they  are  not  necessarily  independent. 

MR.  HELMS:  Well,  perhaps  what  I could  ask  here  is  that  you  could  take 

a look  at  the  things  that  are  listed  under  dispersion  of  potential  hazardous 
agents  on  page  99  and  100 — 

DR.  SCHWARTZ:  I need  a copy. 

MR.  HELMS:  Not  right  this  minute,  but  perhaps  give  us  something  in 

which  you  would  explain  how  you  would  assess  these  probabilities.  Would  you 
say  that  these  are  events  which  do  not  have  to  occur  in  order  for  something 
untoward  to  occur? — and  also  give  us  some  idea  of  how  you  would  go  about 
this . 


DR.  FREDRICKSON:  If  we  have  time  this  evening,  that  would  be  possible. 

Mr.  Hutt. 

MR.  HUTT:  As  a follow-up  to  that,  Dr.  Schwartz,  you  say  you  criti- 

cized Dr.  Holliday's  paper.  Have  you  published  your  criticism,  and  if  so, 
could  we  have  copies  of  it? 

DR.  SCHWARTZ:  I have  a letter  I wrote  to  the  BBC  on  that.  I guess 

we  can  get  it  copied. 

MR.  HUTT:  I am  sure. 

DR.  MC  CARTHY : We  will  be  glad  to  provide  you  with  copies. 

MR.  HUTT:  Are  you  aware  of  any  other  published  criticism  of  it,  or 
unpublished  criticism  that  would  be  available? 

DR.  SCHWARTZ:  No,  I don't  think  so. 
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MR.  HUTT:  Have  you  made  an  independent  calculation  that  would  be 
comparable  to  his  that  would  show  what  your  estimate  of  the  risk  would 
be? 


DR.  SCHWARTZ:  No,  not  on  this  basis. 

MR.  HUTT:  On  any  other  basis? 

DR.  SCHWARTZ:  Yes,  another  basis  is  to  assess  what  has  been  the  suc- 

cess of  recent  technology. 

Now,  I look  at  this  as  an  outsider.  I am  strictly  an  outsider,  and 
I say  you  look  at  all  of  the  technologies  that  have  been  going  on,  let  us 
say,  since  the  time  of  the  Second  World  War--all  Second  World  War  and  post- 
Second  World  War  technologies.  The  rate  of  serious  problems  has  been  great, 
roughly  30  percent. 

MR.  HUTT:  My  question  is,  though,  whatever  the  basis  might  be,  have 

you  projected  from  a mathematical  model,  or  experience,  a calculation  of 
risk? 


DR.  SCHWARTZ:  I wouldn't  call  it  a mathematical  model,  but  we  are 

dealing  with  a subjective  probability  here,  and  I think  some  people  are 
beginning  to  work  more  on  the  problem  of  dealing  with  subjective  prob- 
abilities, because  you  can't  really  test  the  whole  system. 

MR.  HUTT:  Let  me  rephrase  my  question.  Have  you  written  down  your 

theory  or  method  of  subjective  probability  in  a form  that  would  be  useful 
to  the  Committee? 

DR.  SCHWARTZ:  Yes.  I have  another  copy  of  a letter  to  another  radio 

station,  and  I can  give  you  a copy  of  that  as  well. 

DR.  FREDRICKSON:  Dr.  Neel,  a final  question  for  Dr.  Schwartz. 

DR.  NEEL:  I think  the  crux  of  the  issue  here  is  whether  these  prob- 
abilities are  independent  or  not,  or  whether,  to  quote  one  of  Murphy'  s—or 
is  it  Parkinson's — laws,  when  things  can  go  wrong,  they  generally  will. 

It  might  be  interesting  for  the  record  if  the  Committee  would  give  us 
their  thinking  about  a chain — a first  error  touches  off  a second  error, 
which  is  basically  what  you  are  arguing,  and  that  leads  to  a third  error. 
In  other  words,  the  nonindependence  of  the  probabilities  that  occur  in 
Holliday's  article. 

DR.  FREDRICKSON:  I think  we  would  now  like  to  turn  to  Mr.  Thacher, 

who  was  scheduled  to  comment.  Is  he  still  here?  I think  you  said  you 
had  a couple  of  brief  comments  to  make. 
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MR.  THACHER:  Yes,  I will  try  to  be  brief.  I would  like  to  go  back 

to  the  question  Dr.  Sinsheimer  raised — What  do  we  know  about  E.  coli  K-12 
and  its  being  a nonpathogen? — because  I am  concerned  that  taking  a consen- 
sus on  this  question  will  prevent  us  from  looking  into  the  problem  more 
carefully.  Most  of  the  data  which  has  been  accumulated  to  show  that  it 
cannot  be  turned  into  a pathogen  by  adding  genes  from  other  organisms  have 
been  done  on  newborn  pigs.  We  heard  of  one  experiment  of  Dr.  Formal's 
group  where  you  can  do  this,  where  this  has  been  tried  with  human  beings. 

The  problem  is  that  we  don't  know  enough  of  the  history  of  E.  coli  K-12, 
which  was  originally  a human  pathogen  before  its  many  years  of  passage  in 
the  laboratory,  to  know  what  factor  it  is  that  it  actually  does  lack  which 
prevents  it  from  being  able  to  live  in  the  human  gut. 

Susan  Wright  explained  carefully  why  E.  coli  in  general  is  a very  good 
pathogen,  so  I disagree  with  what  Dr.  Ginsberg  said  earlier.  Dr.  Szybalski 
also  commented  that  E.  coli  K-12  cannot  survive  in  humans;  however,  there  is 
experimental  data  of  Anderson  showing  that  it  may  well  multiply  in  the  human 
gut,  and  data  on  sheep  by  Smith  in  Australia  which  shows  that  if  you  starve 
them  for  two  days,  that  the  E.  coli  K-12  can  survive  for  much  longer  times. 

So  I would  like  to  ask  that  this  question  not  be  closed,  and  be  examined  more 
carefully,  because  E.  coli  K-12  as  HV1  in  these  new  Guidelines  will  be  used 
to  clone  almost  the  entire  animal  kingdom,  save  mammals  and  birds. 

I would  like  to  raise  one  other  point.  In  the  analysis  of  HV2  strains, 
it  is  proposed  that  they  be  analyzed  on  the  basis  of  data  given  by  the  inves- 
tigator who  designs  the  strain.  I think  it  would  be  worthwhile  to  have 
independent  checks  of  that  data  on  HV2  strains  and  their  ability  to  fit 
within  the  Guidelines. 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Mr.  Thacher. 

Dr.  Davis,  I had  earlier  said,  wanted  to  make  a short  comment,  and  he 
would  like  to  make  it  now. 

DR.  DAVIS:  Thank  you.  I would  like  to  comment  on  an  aspect  of  Dr. 

Schwartz's  analysis  that  seems  to  me  worth  a moment  because  it  permeates 
much  of  the  apprehension  that  has  been  expressed. 

The  model  that  he  has  chosen,  the  various  physical  models,  seem  to  me 
not  to  be  models  for  the  biological  situations  at  all.  He  is  dealing  with 
complex  machinery,  whether  a reactor  or  a space  object,  in  which  any  one  of 
many  things  can  go  wrong,  or  a series  of  interacting  things  can  go  wrong  and 
destroy  its  function.  The  model  for  this,  the  biological  model,  would  be 
what  Detrick  was  after  originally,  to  try  to  make  epidemics,  and  one  of  the 
reasons  that  Fort  Detrick  was  abandoned  was  in  fact  that  they  did  not  succeed 
in  making  good  epidemogenic  organisms.  Things  could  go  wrong,  and  the  fate  of 
the  organisms  couldn't  be  predicted. 


[318] 


115 


We  are  now  dealing  with  the  opposite  problem,  and  I might  say,  perhaps 
the  reciprocal,  Dr.  Schwartz,  of  the  mathematical  problem  you  are  approach- 
ing. We  are  dealing  with  an  organism  that  we  know  has  accumulated  numerous 
deficiencies  in  50  years  of  passage,  and  in  EK2,  half  a dozen  additional 
deficiencies,  and  I submit  that  no  accident  could  restore  all  of  those 
deficiencies  together.  You  can  wreck  a thing  by  a single  monkey  wrench  in 
the  works.  You  can't  make  a complicated  machine  by  throwing  a monkey  wrench 
in  the  works. 

DR.  FREDRICKSON:  Thank  you. 

DR.  SCHWARTZ:  May  I — 

DR.  FREDRICKSON:  No,  Dr.  Schwartz,  please. 

DR.  SINSHEIMER:  May  I respond  to  Dr.  Davis? 

DR.  FREDRICKSON:  Dr.  Sinsheimer,  you  may;  you  are  a member  of 

Commi t tee . 

DR.  SINSHEIMER:  It  seems  to  me,  Bernie,  that  the  point  is,  of 

you  can't  make  a complicated  thing  work  by  throwing  a monkey  wrench 
at  least  I hope  not.  But  it  seems  to  me  that  the  question  that  Dr. 
was  addressing  can  be  put  the  following  way.  We  say  that  an  EK2  strain  has 
10  8 probability,  and  we  feel  happy  that  that  is  a hundred  million-fold  less 
hazardous  on  its  own.  But  in  reality,  it  seems  to  me  that  is  probably  not 
going  to  be  the  true  improvement.  The  true  improvement  is  not  going  to  be 
the  survival  of  something  like  1776.  It  is  going  to  be  more  what  is  the 
probability  that  when- you  are  growing  up  a culture  of  1776,  it  gets  con- 
taminated with  a more  robust  strain,  the  plasmid  gets  passed  to  it,  and 
like  Don  said,  some  experiments  had  been  done  that  that  didn't  happen,  but 
how  many  experiments?  What  is  the  probability?  Is  it  1 0 ~ 2 ? Or  10~3?  So 
in  other  words,  some  other  route  around  it  would  be  more  probable  than  10-8. 
That  is  all. 

DR.  FREDRICKSON:  Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  Without  associating  myself  with  either  the  model 

of  throwing  a monkey  wrench  in  or  out,  I would  like  to  hope  that  NIH  was 
supporting  in  this  area  studies  by  people  who  work  in  the  area  of  risk  assess- 
ment, and  who  make  mathematical  models  of  them,  and  would  give  us  a variety  of 
ways  of  looking  at  these  processes.  I think  that  seems  to  me  one  of  the  ways 
in  which  one  can  responsibly  further  this  argument  in  addition  to  the  experi- 
ments that  are  being  carried  on. 

DR.  FREDRICKSON:  I think  now,  if  we  may,  I would  like  to  turn  to  the 

subject  of  experimental  Guidelines.  We'll  have  the  opportunity  this  evening 
to  revisit  some  of  these  issues,  provided  we  now  speedily  move  through  another 
section.  I think  we  can  do  this  without  compromising  the  opportunity  of 
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Drs.  Helinski,  Rowe,  and  I think  Dr.  Zaitlin,  replacing  Dr.  Day  in  the  plant 
area,  to  take  up  the  revisions  that  pertain  to  the  experimental  Guidelines. 

Dr.  Helinski,  are  you  ready  to  begin? 

DR.  HELINSKI:  Well,  to  give  you  an  idea  of  what  is  ahead,  I am  going 

to  take  something  like  15  to  20  minutes  to  make  some  comments  on  Section 
III,  the  experimental  section  of  the  Guidelines.  I will  be  followed  by 
Drs.  Rowe  and  Zaitlin.  Some  of  the  things  I am  going  to  say  have  already 
been  said,  and  I am  sorry  if  some  of  this  sounds  a little  bit  repetitious, 
but  I would  like  to  try  to  give  you  more  or  less  a complete  picture  which 
has  served  as  a major  basis  for  the  revisions  we've  proposed  in  the  experi- 
mental section  of  the  Guidelines. 

This  section  deals  both  with  prohibited  recombinant  DNA  experiments, 
and  also  with  containment  levels  for  permissible  experiments.  The  present 
Guidelines  list  five  classes  of  recombinant  DNA  experiments  and  practices 
that  at  the  present  time  are  prohibited.  I emphasize  that  there  are  no 
revisions  in  this  list  of  experiments  that  have  been  proposed,  and  that  is 
because  the  Committee  feels  that,  while  certain  of  the  recombinant  DNA 
experiments  on  this  list  may  indeed  not  pose  any  biohazard,  nevertheless 
in  our  view  it  remains  prudent,  given  our  present  state  of  knowledge,  to 
continue  to  defer  from  conducting  these  experiments  at  the  present  time. 
However,  as  part  of  this  section,  it  is  proposed  as  a revision  that  spe- 
cific experiments  in  each  of  the  five  classes  may  be  exempted  from  this 
prohibition  on  the  basis  of  compelling  scientific  and/or  social  reasons, and 
any  such  exemption  must  have  the  express  approval  of  the  Director  of  NIH. 

Now,  I would  like  to  comment  on  the  revisions  and  the  containment 
levels  for  the  so-called  permissible  experiments.  While  recombinant  DNA 
experiments  potentially  can  be  carried  out  with  a great  variety  of  host- 
vector  systems — I say  potentially — most  of  these  experiments,  I think  you 
are  aware,  at  the  present  time  utilize  the  bacterium  Escherichia  coli  K-12 
as  the  host  cell.  Thus,  while  the  revised  Guidelines  provide  in  some  detail 
a consideration  of  other  host-vector  systems  as  discussed  earlier  this  after- 
noon by  Dr.  Gottesman,  the  Guidelines,  including  the  proposed  revisions, 
continue  to  be  concerned  mainly  with  the  well-studied  E.  coli  K-12  strains 
as  a prokaryotic  host  for  recombinant  DNA. 

In  proposing  the  revisions  and  containment  levels  for  recombinant 
DNA  experiments  using  this  E.  coli  K-12  host-vector  system  or  systems,  it 
should  be  emphasized  at  the  outset  that  our  Committee,  the  RAC  group,  is 
attempting  as  best  as  we  can  to  fulfill  what  we  view  is  our  responsibility 
to  periodically  review  and  modify  the  Guidelines  to  reflect  improvements 
in  our  knowledge  of  the  potential  biohazards  from  this  research,  and  the 
available  safeguards.  This  responsibility  of  the  Committee,  I emphasize, 
is  a major  principle  in  the  design  of  the  present  NIH  Guidelines  for  Recom- 
binant DNA  Research — that  is,  the  Guidelines  that  were  issued  in  July  of 
last  year. 
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The  proposed  revisions  in  the  experimental  section  of  the  Guidelines 
are  of  several  types,  and  given  the  limited  amount  of  time,  I would  like 
to  select  just  a few  of  what  we  view  as  the  major  revisions  for  comment. 
Again,  at  the  outset  I should  note  that  several  categories  of  experiments 
have  not  been  formally  changed  as  to  their  physical  and/or  biological  con- 
tainment levels.  However,  it  should  be  emphasized,  in  view  of  the  more 
vigorous  criteria  for  EK2  and  EK3  host-vector  systems  as  described  by  Dr. 
Gottesman,  the  containment  levels  for  these  experiments  that  haven't  been 
revised  have  effectively  been  made  more  stringent. 

Several  categories  of  experiments  are  classified  at  a lower  containment 
level  in  the  proposed  revisions.  For  example,  the  cloning  of  mammalian  DNA 
other  than  primate  DNA  has  been  reduced  a single  step  in  containment  level  — 
that  is,  from  P3  plus  EK2  in  the  present  Guidelines,  to  P2  plus  EK2  in  the 
proposed  revisions. 

Another  example  is  the  single-step  reduction  of  the  containment  levels 
for  the  cloning  of  primate  DNA.  That  reduction  is  from  P4  plus  EK2  to  P4 
plus  EKl.  That  is  one  of  the  options  in  that  particular  category  of  experi- 
ments. 

A major  consideration  in  these  proposed  one-step  reductions  in  contain- 
ment levels  is  our  increased  confidence  as  a Committee  in  the  biological 
containment  and  safety  of  the  EKl  and  EK2  host-vector  systems.  I will 
attempt  to  elaborate  on  the  basis  for  this  increased  confidence  in  these 
systems  in  a few  minutes,  although  a number  of  the  points  have  already  been 
raised  earlier  today. 


Another  type  of  proposed  revision  in  the  experimental  section  that 
should  be  noted  is  the  deletion  of  certain  classes  of  experiments,  and 
primarily  this  involves  those  experiments  which  are  concerned  with  DNA 
from  prokaryotes  that  naturally  exchange  DNA  with  E . col i . These  deletions 
have  been  proposed  by  our  Committee  on  the  basis  of  their  exclusion  if  the 
proposed  redefinition  of  the  Guidelines  to  include  only  novel  recombinant 
DNA  is  adopted.  I want  to  emphasize,  however,  that  the  majority  of  the 
categories  of  experiments  have  not  been  deleted,  but  in  fact  in  certain 
cases  have  been  extensively  broken  down  into  more  specific  categories  that 
have  been  assigned  containment  levels.  One  case  in  particular  is  the  cate- 
gory dealing  with  the  cloning  of  animal  viruses.  Dr.  Wally  Rowe  will  follow 
me  and  make  further  comments  on  revisions  in  this  category. 


I stated  earlier  that  the  proposed  lowering  of  containment  levels  in 
certain  categories  of  experiments  has  as  a major  basis  our  increased  confi- 
dence in  the  use  of  E^  col i K-12  in  the  form  of  EKl  and  EK2  systems  as  a 
host  for  recombinant  DNA  experimentation.  I want  to  elaborate  on  this 
st  atement . 

Given  the  central  role  of  E.  col i K-12  in  recombinant  DNA  research 
at  the  present  time,  our  Committee  has  been  actively  soliciting  information 
and  new  experimental  data  pertaining  to  the  biological  properties  of  this 
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strain  of  coli . This  new  information  that  has  been  obtained  since  the 
issuance  of  the  present  Guidelines  comes  in  part  from,  number  one,  consul- 
tation with  scientists  having  expertise  in  a number  of  different  areas, 
including  bacteriology,  virology,  infectious  diseases,  and  plant  biology. 

In  addition,  as  we  have  heard  today,  there  have  been  published  reports,  or 
there  are  reports  in  preparation  from  national  and  international  scientific 
meetings,  that  deal  in  part  or  entirely  with  the  potential  biohazards  of 
recombinant  DNA  research,  and  these  reports  have  been  a valuable  source  of 
information  for  our  Committee. 

Finally,  there  is  published — and  some  recent  unpublished — results  from 
experiments  that  are  concerned  with  the  risk-assessment  of  E.  coli  K-12  as  a 
host  for  recombinant  DNA,  and  these  results  have  been  a major  factor  in  our 
recommendations.  I would  like  to  add  that  these  unpublished  experiments — and 
there  are  a few  that  are  cited — were  carried  out,  these  experiments  were 
carried  out  by  recognized  leaders  in  microbiological  research,  and  have 
involved  generally  accepted  procedures  of  analysis.  These  experiments,  both 
the  published  and  the  recent  unpublished  experiments,  had  been  designed  to 
test  the  following:  number  one,  the  survivability  and  colonizing  ability  of 

E.  coli  K-12,  and  EK2  host-vector  systems;  two,  the  transmissibility  of 
plasmid  and  phage  vectors;  and  three,  the  potential  of  E.  coli  K-12  for 
pathogenicity . 

I would  like  to  briefly  comment  on  the  results  from  these  experiments. 
With  respect  to  the  colonization  of  the  intestinal  tract  by  E.  coli  K-12,  the 
earlier  published  studies  on  the  inability  of  this  strain  to  colonize  the 
intestinal  tract  of  volunteers  under  ordinary  circumstances  have  recently 
been  repeated  and  extended  with  similar  results  by  Dr.  E.  S.  Anderson.  The 
colonizing  ability  of  E.  coli  K-12  has  also  been  studied  recently  in  some 
detail  by  Dr.  Rolf  Freter.  In  the  studies  of  Freter,  and  this  was  reported 
at  the  Falmouth  meeting — Incidentally,  I would  like  to  add  that  this  was  a 
meeting,  as  we  have  heard,  where  a group  of  experts  in  the  field  had  the 
opportunity  to  discuss  the  results  that  were  presented,  and  to  discuss  the 
conclusions  that  were  arrived  at  by  the  presenters  of  papers. 

In  Freter's  study  it  was  demonstrated  that  the  EK2  host  cell,  Chi-1776, 
which  carries  some  six  mutations  that  affect  the  colonizing  properties  of  E . 
coli , is  unable  to  become  established  even  in  germ-free  mice.  I took  a 
little  exception  to  the  analogy  that  was  attempted  to  be  drawn  between 
recombinant  DNA  research  and  electronic  circuitry  breaking  down  in  nuclear 
power  plants  or  in  spaceships  and  so  on.  I think  I would  like  to  underscore 
what  Dr.  Davis  has  said.  This  is  not  a question  of  the  number  of  things  that 
can  go  wrong;  it  is  a question  of  how  many  things  can  go  right  in  order  to 
take  a cell  which  is  disabled — as  an  analogy  maybe  it  has  lost  some  six 
different  electronic  circuits — and,  by  probability,  to  somehow  pick  up  the 
six  electronic  circuits  so  that  now  things  can  go  right.  I think  that  the 
kinds  of  analogies  that  have  been  drawn  aren't  too  accurate. 

In  these  experiments,  and  in  testing  the  colonizing  ability  of  E.  coli 
K-12  strains,  attempts  have  been  made  to  convert  the  E.  coli  K-12  to  an 
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effective  colonizer  by  the  introduction  of  specific  genes  either  from  E. 
coli  or  the  organism  Shigella  flexneri,  where  the  genes  are  known  to  be 
important  in  colonization.  These  experiments  have  failed  to  convert  the  E . 
coli  K-12  to  an  effective  colonizer. 

It  also  should  be  noted — and  this  experiment  was  actually  mentioned 
earlier  by  Dr.  Szybalski,  the  recent  study  carried  out  by  Mark  Richmond's 
laboratory.  Mark  Richmond  is  a prominent  British  bacteriologist.  In  these 
experiments  that  have  been  accepted  for  publication  in  the  journal  Gene , 
the  feces  of  laboratory  workers  who  carried  out  experiments  with  geneti- 
cally marked,  tagged  fe.  coli  K-12  strains  carrying  a variety  of  R plas- 
mids— these  feces  samples  were  monitored  every  two  or  three  days  over  a 
two-year  period.  Neither  this  marked  or  identified  E.  coli  K-12  strain, 
nor  any  of  its  plasmids,  were  detected  in  the  fecal  samples  during  this 
period  of  time.  I would  like  to  add  that  the  R plasmids  used  in  this  study 
were  conjugative  plasmids — that  is,  they  have  all  the  necessary  genetic 
information  to  promote  their  transfer  from  one  cell  to  another.  And  of 
course,  when  we  are  talking  about  the  Guidelines  and  cloning  vectors,  we 
are  talking  about  so-called  nonconjugat ive  plasmids — plasmids  that  don't 
have,  as  far  as  we  can  tell,  any  of  the  so-called  dozen  genes  that  are 
required  to  promote  the  transfer  of  the  vector  with  presumably  its  attached 
recombinant  DNA — transfer  of  this  from  one  cell  to  another. 

The  detection  of  a plasmid  transfer  between  E.  coli  cells  and  the 
human  intestinal  tract  clearly  has  been  reported  as  published  experiments 
several  years  ago.  There  are  two  papers  that  appeared  in  1975.  In  these 
experiments,  it  was  clearly  shown  that  this  transfer  of  plasmids  within  the 
intestinal  tract  was  an  infrequent  event,  and  its  demonstration,  to  be  able 
to  pick  that  up  at  all  required  the  feeding  of  massive  doses  of  a donor 
strain  carrying  again  a conjugative  or  self-transmissible  plasmid.  As  I 
indicated  a few  moments  ago,  again  the  EK1  host-vector  systems  demanded  by 
the  Guidelines  require  nonconjugat ive  plasmids  to  be  used  as  plasmid  vectors. 

The  plasmids  that  early  were  used  as  vectors — col  El  and  pSClOl — 
are  nonconjugat ive , in  that  they  cannot  promote  their  own  transfer  from  one 
cell  to  another;  and  we  find  now  that  the  new  generation  of  plasmid  vec- 
tors, namely  pBR313  and  pBR322,  that  generally  are  being  recommended  for 
use  in  the  EK2  system,  not  only  are  nonconjugat ive , but  they  are  severely 
handicapped  in  their  ability  to  be  mobilized  out  of  a cell  by  a self-trans- 
missible plasmid  that  may  inadvertently  establish  itself  as  a rare  event  in 
an  EK1  plasmid  host  system. 

It  has  been  estimated,  and  one  can  argue  with  these  kinds  of  probability 
calculations,  but  it  has  been  estimated  that  the  probability  for  transmission 
of  these  plasmids  from  the  host  cell  is  less  than  10-1  r per  surviving  bacter- 
ium per  day  in  the  intestinal  tract  of  warm-blooded  animals.  I should  like 
to  add  that  this  estimate  is  probably  on  the  high  side,  because  in  a sense 
it  is  looking  at  it  under  best  situations.  It  doesn't  take  into  account 
that  E.  coli's  metabolism  is  much  lower  in  the  intestinal  tract  than  in  the 
laboratory,  and  the  higher  the  metabolic  rate,  we  have  found,  the  higher  the 
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frequency  of  transmiss ib il ity . It  doesn't  take  into  account  the  fatty  acid 
content  of  the  intestinal  tract.  Fatty  acids  clearly  inhibit  the  transfer 
process.  It  doesn't  take  into  account  the  pH  and  oxidation-reduction  poten- 
tial in  the  intestinal  tract,  all  of  which  further  have  been  shown  to  reduce 
transmiss ibil ity . In  my  view,  that  number  is  very  much  on  the  high  side,  and 
the  probability  is  probably,  in  my  view,  even  less  than  that. 

In  addition,  the  defects  in  the  conjugative  ability  in  the  Chi-1776 
strain,  this  EK2  strain,  the  disabled  strain,  have  been  shown  in  published 
reports  to  even  further  reduce  the  likelihood  that  a plasmid  vector  in  an 
EK2  host-vector  plasmid  system  will  be  transferred  by  conjugal  mating. 

Finally,  to  conclude  my  statements  on  the  transmiss ib il ity  aspect 
of  EKl  and  EK2  systems — in  the  case  of  the  lambda  cloning  vehicles,  the 
phage  cloning  vehicles — the  narrow  host  range  and  host-dependent  mutations 
within  these  vectors  severely  limited  their  transmissibility . 

The  increased  confidence  in  E.  coli  K-12  as  a host  in  recombinant 
DNA  experiments  also  stems  from  estimates  on  the  probability  of  converting 
E . coli  K-12  to  an  epidemic  pathogen,  as  has  been  brought  up  a number  of 
times  today.  As  discussed  this  morning,  the  recent  Falmouth  Workshop  on 
Risk  Assessment  of  Recombinant  DNA  Experiments — at  this  workshop  some  40 
scientists  representing  a number  of  different  areas  of  expertise,  including 
specialists  in  infectious  diseases  and  the  bacteriology  of  the  intestinal 
tract,  came  to  the  consensus  conclusion  that  E.  coli  K-12  is  so  severely 
enfeebled  in  essential  properties  for  survival  in  nature  and  for  patho- 
genicity that  it  is  incapable  of  being  converted  to  an  epidemic  pathogen  by 
the  insertion  of  DNA  by  recombinant  DNA  techniques.  Experimentally  it  has 
been  demonstrated  that  the  deliberate  introduction  into  E.  coli  K-12  of 
virulent  plasmids  or  chromosomal  genes  implicated  in  the  virulence  of  a 
Shigella  flexneri  strain--both  of  these  kinds  of  experiments  have  failed  to 
convert  E.  coli  K-12  to  an  effective  pathogen.  Thus,  even  in  the  case  of 
these  well-defined  systems  where  intensive  attempts  were  made  to  convert  E . 
coli  K-12  to  a pathogen,  this  organism  retained  its  nonpathogenic  properties. 

Finally,  in  considering  our  Committee's  consideration  of  the  safety  of 
recombinant  DNA  research,  it  should  be  noted  that  geneticists  in  general  are 
becoming  increasingly  aware  of  the  potential  for  exchange  of  genes  in  nature 
by  events  that  do  not  involve  extensive  homologies  between  DNA  sequences,  or 
to  put  it  another  way,  by  events  that  do  not  involve  requirement  for  DNA  from 
identical  or  similar  organisms.  For  example,  the  recently  discovered  trans- 
locatable  elements,  which  have  been  well  documented  in  a number  of  very 
beautiful  papers — the  discovery  of  these  elements  in  bacteria — these  elements 
have  been  shown  to  promote  the  exchange  of  genes  between  DNA  molecules  that 
are  incapable  of  recombining  by  the  usual  recombination  events. 

In  addition,  there  has  been  recent  documentation  of  the  incorporation 
of  bacterial  DNA  into  the  cells  of  higher  plants.  Dr.  Chilton,  who  is 
with  us  today,  and  her  colleagues,  their  work  is  particularly  germane  to 
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this  particular  point.  And  last,  the  recombination  in  nature  of  plant  or 
animal  DNA  and  bacterial  DNA  is  also  underscored  by  the  recent  publication 
of  uptake  and  propagation  of  eukaryotic  DNA  by  bacterial  cells  utilizing 
the  intracel lularly  located  restriction  enzymes  of  these  bacteria.  Now,  we 
can  complain  that  Ms.  Chang  and  Dr.  Cohen  have  overstated  their  case  and 
so  on,  but  their  results  are  believable,  and  they  clearly  are  telling  us 
something  about  the  potential  of  exchange  of  DNA  between  diverse  organisms 
such  as  eukaryotic  cells  and  bacterial  cells,  and  there  is  no  getting  away 
from  that  particular  point. 

In  conclusion,  the  results  of  a variety  of  recent  experiments  with  E^_ 
coli  K-12,  its  Chi-1776  derivative,  and  various  plasmid  and  phage  vectors 
have  greatly  strengthened  our  confidence  in  the  EK1  and  EK2  host-vector 
systems  for  recombinant  DNA  research.  This  increased  confidence  in  these 
systems,  coupled  with  other  information  relevant  to  a particular  category 
of  a recombinant  DNA  experiment  has,  in  our  judgment,  amply  supported  the 
proposed  one-step  reductions  in  the  containment  levels  of  certain  experi- 
ment s . 

Thank  you.  I don't  know  whether  Dr.  Fredrickson  would  like  to  hear 
from  Dr.  Rowe  at  the  present  time,  or  have  questions. 

DR.  FREDRICKSON:  I think,  Dr.  Helinski,  we  will  entertain  a very  few 

questions.  You  have  gone  over  a great  deal,  you  have  presented  much  factual 
information,  reviewed  it  very  cursorily.  I would  call  to  the  attention  of 
the  Committee  that  much  of  what  Dr.  Helinski  has  talked  about  appears  in  the 
Green  Book.  People  might  want  to  review  that  during  dinnertime,  because  I 
would  say  that  we  will  ask  you  to  come  back  after  we  all  return.  But  let  us 
take  one  or  two  comments  now,  and  then  I would  go  on  to  the  other  two  to  sort 
of  have  the  first  reading  of  the  ordinance  before  we  return. 

Dr . Ahmed  . 

DR.  AHMED:  I would  like  to  ask  a question  of  Dr.  Helinski.  You  made 

two  statements  that  I want  to  go  back  to.  You  said  it  is  not  how  many 
things  must  go  wrong,  but  how  many  things  must  go  right.  I would  like  to 
phrase  a question  in  regard  to  what  that  really  means;  I want  to  get  some 
clarification.  Aren't  there  really  two  questions  here  in  terms  of  looking 
at  the  probability?  One  is  the  purely  biological  question  about  how  many 
things  must  go  right  from  the  point  of  view  of  genetic  engineering  so  that 
some  unknown  properties  can  be  either  regained  or  sort  of  formed.  The 
other  is  purely  a containment  probability  question.  This  is  what  I think 
Schwartz  and  the  others  have  been  talking  about.  So  when  you  talk  about 
how  many  things  can  go  right  and  wrong,  it  depends  on  where  you  start  and 
where  you  go.  That  is  one  question. 

The  other  question  is  about  R plasmids  you  mentioned — about  the  experi- 
ments that  show,  even  with  a conjugative  R plasmid,  that  the  transfer  in  the 
intestinal  tract  is  not  very  high.  But  were  these  experiments  done  in  an 
environmental  setting,  like  in  a soil  situation,  where  if  the  organism 
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escaped  out  of,  say,  a physical  environment  where  it  has  been  produced, 
what  would  the  survival  rate  be  there,  and  what  kind  of  exchange  may  occur 
there  that  would  then  infect  the  environment  at  large,  saying  nothing  about 
the  potential  for  that  organism  to  survive  in  the  carrier  inside  the  labora- 
tory, and  that  person  taking  it  to  the  environment  outside.  That  is  both 
questions,  and  maybe  you  don't  have  all  the  answers  now,  but — 

DR.  HELINSKI:  Well,  I can  try  to  respond  to  your  two  points.  Number 
one,  when  I made  the  analogy  to  things  going  right  for  the  circuitry,  I 
was  talking  about  the  machinery  itself,  the  cell,  and  the  analogy  with  the 
spacesh ip . 

DR.  AHMED:  The  cell,  right,  okay. 

DR.  HELINSKI:  Now,  it  is  quite  clear  that  there  are  a lot  of  factors, 

anibiotic  therapy  or  intestinal  problems  or  what  have  you.  But  I would  like 
to  say  to  you  on  this  point  that  the  component  probabilities,  given  this 
final  factor  of  10-16  with  best-case  situations  as  far  as  what  we  know,  and 
we  know  a lot  about  the  transmissibility — 

DR.  AHMED:  That  is  in  the  intestinal  tract,  though?  I just  want  to 

get  that  clear. 

DR.  HELINSKI:  In  the  intestinal  tract,  we  know  that  that  is  not  a 

best  situation.  That  is  to  say  that  the  conditions  are  considerably  poorer 
in  the  intestinal  tract  for  transmissibility  than  in  the  test  tube  under 
very  good  conditions. 

DR.  AHMED:  What  about  in  the  environment  in  general.  Do  you  still 

maintain  a 10-16  ? 

DR.  HELINSKI:  There  is  little  information  on  the  soil.  On  the  other 

hand,  as  Dr.  Szybalski  has  emphasized  earlier  today,  E.  coli  K-12  is  not 
a soil  organism.  I can  document  to  you  observations  carried  out  in  labora- 
tories where  the  conditions  in  so_il  are  very  threatening  to  the  surviva- 
bility of  E^  coli  K-12. 

DR.  AHMED:  That  may  be  true  with  E,  coli  K-12,  but  may  be  not  true 
for  other  organisms.  Don't  you  agree?  I mean,  there  are  a lot  of  anti- 
biotics in  the  soil.  That  is  how  you  have  a maintenance  of  microbial  popu- 
lations . 

DR.  HELINSKI:  There  are  lots  of  wonderful  organisms  in  the  soil,  but 

I am  not  so  sure  that  is  relevant.  We  are  talking  about  the  survivability 
o f E^  coli  K-12. 

DR.  AHMED:  No,  I don't  really  mean  that.  I am  talking  about  something 

in  general.  I am  trying  to  ask  some  general  questions  about  when  you  talk 
about  probability  you  mean  in  the  context  of  EK12? 

DR.  HELINSKI:  That  is  what  I was  referring  to. 
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Now,  your  other  question,  I am  sorry,  I got  a little  carried  away  with 
my  answer,  and  I don't  remember  your  other  question. 

DR.  AHMED:  Those  were  the  two  questions  I asked. 

DR.  FREDRICKSON:  I think  you  have  answered  both  of  them. 

DR.  AHMED:  Yes,  I think  you  have  answered  my  questions. 

DR.  FREDRICKSON:  Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  I have  a fairly  technical  question.  I have 

heard  you  refer  repeatedly,  and  the  Green  Book  does  too,  to  a one-step  reduc 
tion.  That  leads  me  to  ask  whether  you  consider  levels  of  containment  an 
ordinal  scale  or  an  interval  scale.  In  an  ordinal  scale,  all  you  know 
about  is  the  direction  of  increase,  but  you  don't  know  what  the  intervals 
are,  and  specifically  the  Green  Book  talks  about  the  reduction  from  P4  to 
P3  as  greater  than  one  step.  That  makes  even  assumptions  beyond  what  an 
interval  scale  is. 

I was  impressed  with  the  fact  that  you  talked  once  about  a reduction 
in  P level,  and  once  a reduction  in  EK  level,  and  sort  of  set  them  equal  as 
one  step.  I think  that  there  is  a serious  problem  here,  that  we  are  dealing 
indeed  with  an  ordinal  scale  as  I had  assumed  when  I saw  low,  moderate,  high 
and  maximum,  or  whether  we  are  dealing  with  something  that  is  on  an  interval 
scale  that  claims  a lot  more  properties  than  an  ordinal  scale  does. 

DR.  HELINSKI:  I guess  I used  the  term  "step"  because  I think  it  is — 

we  generally  use  it  in  committee — and  I think  it  is  a term  that  is  also 
used  in  the  Guidelines.  I only  used  it  to  indicate  to  you  where  we  are 
on  the  containment  levels  as  far  as  physical  and  biological  containment. 

That  is,  it  is  P3  to  P2,  or  EK2  to  EK1.  I didn't  attempt  to  quantify  that 
in  any  way.  Perhaps  at  some  time  the  Committee  may  want  to  go  into  detail 
on  that. 

PROFESSOR  ROSENBLITH:  Then  I have  serious  questions  whether  under 

those  circumstances  one  ought  to  use  that  kind  of  language  in  the  Guide- 
lines, because  other  people  will  not  be  as  wary  of  that  as  you  and  your 
Committee  are,  and  might  look  for  equivalences  where  there  are  none. 

DR.  FREDRICKSON:  Professor  Rosenblith,  you  might  give  some  thought 

to  advising  us  better,  or  the  Committee  better  on  the  language  that  might 
then  be  used . 

DR.  NEEL:  Just  to  follow  up  Professor  Rosenblith,  what  I think  I hear 

you  saying  is  that  we  are  working,  perhaps,  with  nonparametric  statistics. 

PROFESSOR  ROSENBLITH:  Well,  that  is  another  way  of  saying  something, 

but  there  are  certain  statistics  that  can  only  be  applied  to  interval  scales 
and  other  statistics  have  to  be  applied  to  ordinal  scales. 
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DR.  FREDRICKSON:  I think  we  may  be  testing  the  blood  sugar  levels 

of  certain  members  of  the  Committee. 

MR.  HUTT:  You  certainly  haven't  clarified  that  for  me,  Walter. 

(Laughter . ) 

PROFESSOR  ROSENBLITH:  There  was  a whole  wasted  education  for  you. 

(Laughter . ) 

DR.  FREDRICKSON:  Dr.  Sinsheimer,  did  you  have  a comment? 

DR.  SINSHEIMER:  I have  two  points,  and  one  is  very  similar  to  the 

one  I made  before,  when  you  talk  about  a probability  of  10-16  , or  less  than 
10 -16,  that  is  meaningless.  What  it  means  is  that  something  that  happens  in 
the  intestine  of  somebody  who  is  on  antibiotics  or  something  is  going  to  be 
the  determining  factor,  not  a 10 “16,  because  some  other  thing  will  happen 
much  more  frequently  than  that. 

The  other  point,  and  I keep  harping  on  the  Chang  and  Cohen  experiment, 

but  let  us  just  say  what  was  done.  What  was  done  was  to  take  a piece  of 

DNA  from  a microorganism  which  had  a piece  of  mitochondrial  DNA  in  a 
plasmid,  cut  that  plasmid  with  Eco  R1 , so  that  you  had  some  Eco  R1  frag- 
ments, take  some  other  Eco  R1  fragments  from  another  plasmid,  mix  those, 
provide  them  to  a bacterium  which  had  been  treated  with  calcium  and  heat 
shock,  and  had  in  it  Eco  R1 , and  find  that  lo  and  behold!  you  have  got  a 
plasmid  put  back  together  from  those  two  pieces  inside  that  microorganism. 
That  is  fine,  but — 

DR.  HELINSKI:  That  is  not  entirely  accurate  as  a description  of  the 

experiment.  This  was  an  in  vivo  cleavage  and  ligation,  and  you  described 
it  as  something  that  you  did  outside  the  cell  and  had  the  cells  take  up. 

DR.  SINSHEIMER:  I don't  think  you  are  right.  I read  that  jiaper  last 

night  to  be  prepared.  There  were  in  vivo  recombinations,  but  the  ones  with 
eukaryotic  DNA  were  in  vitro  mixtures  added  to  the  cell.  We  can  look  up 
the  paper,  but  if  I can  finish  the  point,  that  experiment  simply  doesn't 
tell  me  what  the  probability  of  that  event  taking  place  is,  and  if  it  is  so 
very--then  in  that  case  I really  don't  know  what  to  make  of  it.  It  is 
a little  bit — if  I may  make  an  analogy  that  I know  Dr.  Davis  won't  like — it 
is  a little  bit  like  saying  that  because  plutonium  atoms  are  made  in  nature 
we  don't  have  to  worry  about  it. 

DR.  HELINSKI:  I am  sorry,  that  what? 

DR.  SINSHEIMER:  That  because  plutonium  atoms  are  in  fact  made  in  nature 

we  don't  have  to  ever  worry  about  plutonium. 

DR.  HELINSKI:  I would  like  to  attempt  to  clarify  this.  I don't  think 

that  these  transformation  conditions  that  are  commonly  used  for  E.  coli  are 
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all  that  bizarre.  It  is  not  like  150  pounds  times  atmospheric  pressure  and 
200  degrees  Centigrade.  These  are  calcium  conditions,  and  we  certainly  have 
equal  amounts  of  calcium  in  the  intestinal  tract.  The  heat  shock,  which  is 
very  nice  to  use  for  optimizing  transmission  is  not  absolutely  required.  We 
routinely  avoid  the  heat  shock  step  when  we  are  using  temperature-sensitive 
mutants,  and  we  get  transformation.  So  these  are  not  such  terrible  condi- 
tions that  they  have  demonstrated  will  carry  out  this  in  vivo  recombination 
event . 

DR.  FREDRICKSON:  Yes,  Ms.  King. 

MS.  KING:  I have  a question  of  an  entirely  different  order,  perhaps 

more  appropriately  made  tomorrow,  so  you  can  advise  me  of  that  fact.  I am 
curious  about  the  procedure  for  specific  experiments  that  might  be  exempted 
upon  the  Director's  ruling,  and  why  the  Recombinant  DNA  Molecule  Program 
Advisory  Committee  was  selected  as  the  only  route  in  terms  of  process  or 
procedure  for  making  decisions  with  respect  to  exemptions.  I don't  know  if 
I should  ask  this  speaker  or  whether  I should  wait,  but  you  can  advise  me. 

DR.  FREDRICKSON:  I think  that  is  a very  appropriate  question.  It 

deals  with  the  question  of  the  prohibited  experiments.  Did  you  get  the 
quest  ion? 

DR.  HELINSKI:  I am  not  sure  really  who  it  was  directed  at. 

DR.  FREDRICKSON:  I think  it  is  probably  as  much  to  me  as  it  is  to  you, 

but  why  not  your  perspective  from  that  of  the  Recombinant  DNA  Advisory  Com- 
mittee? 

DR.  HELINSKI:  I will  try  to  tell  you  what  I think  our  Committee's  per- 

spective is  on  this — that  we  can  clearly  envision  certain  cases  where  an 
individual  for,  as  I indicated,  compelling  scientific  or  societal  reasons, 
would  like  to  carry  out  one  of  these  prohibited  experiments  under  particular 
conditions.  I think  that  as  a Committee  we  should  be  prepared  to  consider 
such . 


MS.  KING:  I don't  think  you  understood  my  question.  I thought  the 

problem  was  providing  an  escape  clause.  I am  having  problems  with  the 
procedure  that  operates  with  respect  to  the  escape  clause,  and  it  seems  to 
me  there  are  only  two  levels  of  review  contemplated--one  by  your  Committee 
and  one  by  the  Director.  I am  curious  about  why  there  isn't  an  effort, 
particularly  for  experiments  that  would  otherwise  have  been  excluded,  not 
to  have  a broader  consideration  of  those  experiments  in  terms  of  advice  to 
the  Director. 

DR.  HELINSKI:  Your  point  is  well  made,  and  we  have  considered  this. 

It  is  our  feeling  that  if  the  experimental  details  or  the  issue  here  gets 
beyond  our  realm  of  expertise — for  example,  if  it  gets  in  the  area  of  plant 
biology,  and  the  possibility,  say,  of  using  larger  than  ten-liter  amounts  of 
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an  engineered  Rhizobium  strain,  it  is  our  recommendation — and  I think  this 
is  probably  even  stated  in  the  Green  Book — Dr.  Fredrickson  would  solicit  what 
advice  and  expertise  he  would  need  from  other  agencies  within  the  government 
before  he  would  make  any  particular  decision.  That  certainly  is  our  inten- 
tion here. 

> 

DR.  TALBOT:  This  is  stated  in  the  Green  Book  on  page  28.  It  is  talk- 

ing about  the  release  of  agriculturally  important  organisms  which  have 
incorporated  recombinant  DNA.  It  says,  "In  such  a case  approval  by  NIH  of 
such  an  experiment  would  be  given  only  with  the  concurrence  of  other  con- 
cerned government  agencies."  Thus  the  Committee  realizes  that  there  may  be 
many  steps  towards  final  approval  of  exemptions  from  the  prohibited  experi- 
ments. For  instance,  if  it  involved  release  into  the  environment,  the  En- 
vironmental Protection  Agency  would  undoubtedly  be  involved. 

MS.  KING:  I won't  repeat  this,  and  my  question  is  why  is  it  not  speci- 

fied? As  a lawyer  I have  trouble  with  leaving  a great  deal  of  procedural 
mechanisms  to  discretion,  and  I also  contemplated  review  other  than  that 
that  was  just  scientific  review,  or  concerns  about  environment,  for  example, 
or  involving  plants.  That  is,  it  seems  to  me  that  in  this  area,  even  perhaps 
a greater  public  scrutiny  is  called  for,  particularly  given  the  nature  of 
what  we  were  talking  about--experiment s that  were  otherwise  excluded,  but  for 
compelling  social  and  scientific  reasons  it  was  thought  that  you  might  seek 
an  exemption. 

DR.  FREDRICKSON:  I think  your  point  is  very  well  taken,  Ms.  King,  and 

it  is  one  that  we  should  continue  to  discuss  further  tomorrow,  I guess,  when 
we  look  at  the  hierarchical  structure  and  the  implementation  of  these  Guide- 
1 ines . 


Mr . He  1ms  . 

MR.  HELMS:  Doctor,  just  before  we  leave  this  point,  one  thing  is  a 

little  unclear  to  me,  and  this  may  become  apparent  tomorrow,  but  just  on 
this  very  narrow  point,  the  Advisory  Committee  of  which  we  are  Cinderella 
members  for  these  two  days,  do  you  contemplate  using  this  mechanism  again 
in  making  some  of  the  more  fundamental  of  your  decisions? 

DR.  FREDRICKSON:  Yes. 

MR.  HELMS:  Or  your  own,  perhaps  more  intimate  committee? 

DR.  FREDRICKSON:  Yes,  well,  this  is  my  intimate  committee. 

(Laughter . ) 

Recently  someone  tabulated,  and  I am  next  to  the  top  in  belonging  to 
Federal  Advisory  Committees.  I belong  to  11,  and  somebody  beat  me  out  at 
12.  But  I mean  to  say  that  there  are  many  statutory  advisory  committees  in 
such  an  organization  as  this.  This  is  the  committee  which  represents  the 
input  from  the  public  and  wide  sectors  of  opinion  to  the  Director.  The 
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committee  of  which  you  are  a Cinderella  member  has  been  in  place  as  the 
nontechnical  advisory  group  providing  citizen  input  to  these  decisions  that 
we  are  talking  about.  Recall  that  during  the  time  that  we  have  been  in  this 
phase,  this  mode,  we  have  been  watching  and  waiting  for  legislation  which 
prescribed  all  kinds  of  other  remedies  and  hierarchical  structures.  It  is 
partly  for  that  reason  that  we  have  not  a more  baroque  or  highly  constructed 
arrangement  than  we  have  today.  But  Ms.  King's  point  is  very  well  taken; 
one  that  must  certainly  be  addressed  because  when  you  talk  about  lifting 
prohibitions  and  look  at  the  range  of  prohibitions  now,  just  the  one  alluded 
to  here,  that  of  releasing  a recombinant  product  into  the  environment,  would 
clearly  require,  doubtless,  environmental  impact  assessments,  statements,  and 
a great  many  other  decisions  that  would  not  reside  here. 

MR.  HELMS:  I guess  my  point  was  simply  that  you  did  have  a mechanism 

extant.  In  other  words,  there  was  another  committee  besides  just  yourself. 

You  wouldn't  take  that  recommendation  from  the — 

DR.  FREDRICKSON:  You  are  right,  I certainly  would  not. 

Yes,  Ms.  Menard. 

MS.  MENARD:  I was  wondering  if  I could  ask  Dr.  Helinski  for  a clarifi- 
cation. If  you  maintain  that  the  conditions  for  transformation  of  cells  are 

not  all  that  unusual,  then  why  is  work  with  naked  DNA  not  more  strictly  covered 
in  the  Guidelines? 

DR.  HELINSKI:  You  say  why  is  it  not? 

MS.  MENARD:  Well,  if  you  maintain  that  the  conditions  for  the  trans- 

formation of  cells  are  not  that  unusual,  then  why  is  the  work  with  naked  DNA 
not  covered  in  the  Guidelines? 

DR.  HELINSKI:  My  reading  of  the  Guidelines,  that  work  with  naked  DNA, 

once  extracted  from  the  bacteria,  are  indeed  included.  The  containment  lev- 

el is  greatly  reduced,  but  they  are  covered. 

Secondly,  I think  it  is  well  worth  emphasizing  again  that  E.  col i K-12 
is  a very  unique  organism  with  respect  to  tr ans formab i 1 ity . We  can  show 
t r ans formab i 1 i ty  of  E.  coli  K-12,  but  if  you  take  a common  intestinal  tract 
organism,  the  so-called  smooth  strain  of  E.  coli  that  we  all  have,  I don't 
know  of  anyone  who  has  been  able  to  transform  such  E.  coli. 

DR.  FREDRICKSON:  Other  comments  from  the  Committee,  or  questions? 

Dr.  Chilton,  do  you  have  a technical  comment  here? 

DR.  CHILTON:  Yes,  a question.  You  haven't  spoken  at  all  about  the 

possibility  of  escape  through  the  tr ansduc t ional  route,  that  is  the  first 
point.  The  second  point  is,  Are  data  being  collected  by  field  trials  on 
the  rate  of  escape  in  the  sewage  system,  for  example? 
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DR.  HELINSKI:  I will  try  to  answer  your  second  question  first.  I 

don't  think  Dr.  John  Nutter  is  here,  but  there  is  a contract  program  that 
is  supported  by  the  National  Institutes  of  Health  to  conduct  these  very 
experiments--that  is,  the  natural  environment  experiments. 

Now,  the  point  of  the  transduct ional  mode  of  transfer  of  plasmid  DNA, 
we  have  clearly  considered  this  again  in  our  estimates,  and  I could  go  into 
detail,  but  I think  this  is  not  the  time.  In  our  estimates  the  probability, 
again,  is  very  low  for  a number  of  different  reasons — size  of  the  plasmid, 
what  we  know  about  the  extent,  the  presence  of  the  proper  bacterial  viruses 
for  carrying  out  this  transfer,  the  fact  that  a commonly-used  transducing 
virus  like  PI  would  have  great  difficulty  in  attaching  and  inserting  DNA 
into  a smooth  common  intestinal  E.  coli  cell.  Considerations  like  this 
have  been  made. 

DR.  FREDRICKSON:  Any  other  comments  or  questions?  Ms.  Simring,  do  you 

have  a question? 

MS.  SIMRING:  Yes,  I do. 

DR.  FREDRICKSON:  Will  you  stand,  please,  so  that  we  may  all  hear  you? 

MS.  SIMRING:  It  may  be  a naive  question  because  I am  not  a scientist, 

but  it  would  seem  to  me  that  if  in  nature  this  exchange  that  you  describe 
takes  place  or  could  take  place  in  the  gut,  for  example,  because  calcium 
chloride  might  be  present,  and  there  might  be  an  equivalent  heat  shock  that 
could  engender  this  event,  has  it  been  found  or  has  it  not  been  found  fre- 
quently, never,  rarely,  or  whatever,  that  human  fragments  of  DNA  have  been 
found  in  intestinal  E.  coli? 

DR.  HELINSKI:  I don't  know  of  anyone  who  has  systematically  set  out  to 

carry  out  such  experiments.  I can  give  you  a dozen  reasons  why  it  is  ex- 
tremely difficult  to  carry  out. 

MS.  SIMRING:  You  don't  need  to  give  a dozen,  but  a few. 

DR.  HELINSKI:  One  of  them  is  that  it  is  a question  of  on  what  level 

you  would  be  looking  at  it.  We  are  talking  about  very  low  probability 
events.  Transformation,  for  example,  occurs  with  one  microgram  of  DNA — 
something  in  the  order  of  one  in  104  or  one  in  105  cells,  and  the  techniques 
that  you  would  use  to  pick  up  a small  insert  of  mammalian  DNA  with  what  we 
call  hybridization  techniques,  probably  are  not  really  sensitive  enough  to 
scan  very  large  amounts  of  bacteria  to  say  yes  or  no  in  a definitive  kind 
of  way  that  indeed  E.  coli  cells  take  up  mammalian  DNA.  It  may  be  that 
someone  will  get  very  clever  and  do  an  experiment  along  the  lines  of  Chang 
and  Cohen  to  test  this  with  markers  that  are  very  sensitive  to  pick  up. 

But  so  far  that  hasn't  been  done. 

MS.  SIMRING:  May  I ask  one  other  question  of  you?  Would  you  say  that 

it  would  occur  rarely,  naturally? 
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DR.  HELINSKI:  Yes. 

MS.  SIMRING:  And  if  it  occurs  rarely  naturally,  and  in  laboratories — 

I think  there  are  300  projects,  not  of  course  on  this  level,  but  300  DNA 
projects  in  this  country  alone.  You  would  be  multiplying  to  perhaps  high 
frequencies  comparatively,  a rare  natural  event  which  would,  it  seems  to  me, 
sharply  increase  the  chance  of  biologic  mishap. 

DR.  HELINSKI:  Weil,  if  you  were  talking  about  factors  of  10  ' and  you 

multiply  them  by  300,  you  are  still  in  a very  low  probability  category. 

DR.  FREDRICKSON:  I think,  ladies  and  gentlemen,  you  have  bravely 

come  with  me  all  this  way  to  this  point.  I am  going  to  suggest  that  we 
now  adjourn.  Dr.  Helinski  will  be  back  with  us  immediately  after  our  recon- 
vening after  dinner.  We  will  start,  though,  with  Dr.  Rowe  on  this  crucial 
and  vital  problem  of  virus  levels,  then  Dr.  Zaitiin  on  plants,  and  you  will 
still  have  the  opportunity  to  discuss  with  the  presenters  their  presentation 
and  points  of  view. 

A word  about  the  restaurant  system  at  NIH.  The  only  functioning  cafe- 
teria at  this  hour  is  in  Building  10,  the  Clinical  Center,  which  you  can 
still  enter  by  the  side  door  before  6:00  o'clock.  Otherwise  you  will  have 
to  go  around  to  the  back.  Or,  you  may  want  to  go  into  Bethesda. 

But  whatever  you  choose  to  do,  it  is  very  important  that  we  reconvene 
here  again  at  7:30.  Now,  you  must  come  in  the  C entrance  or  the  A entrance, 
and  I don't  think  you  know  where  the  B is  anyway,  so  forget  about  it. 

(Laughter . ) 

Your  things  will  be  safe  here.  We  will  see  you  at  7:30. 

The  meeting  stands  adjourned.  Thank  you. 

(Thereupon,  at  5:20  p.m. , a recess  was  taken  until  7:30  p.m. , the  same 

day . ) 
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EVENING  SESSION 

DR.  FREDRICKSON:  Good  evening.  The  meeting  will  please  return  to  order. 

We  will  commence  this  evening's  proceedings  with  a presentation  on  eukaryotic 
host  vectors  by  Dr.  Wallace  Rowe  of  the  Recombinant  Advisory  Committee. 

Dr . Rowe . 

DR.  ROWE:  I will  really  be  speaking  on  two  sections  out  of  the  contain- 

ment requirements — that  is,  on  the  use  of  viral  inserts  in  prokaryotic  sys- 
tems— that  is,  pieces  of  the  genomes  of  animal  viruses  inserted  into  E.  coli 
— basically,  and  also  the  containment  levels  for  animal  viruses  when  used  as 
vectors  for  foreign  DNA  in  cells  of  eukaryotes  in  tissue  culture.  I thought, 
by  way  of  background,  since  this  is  a rather  highly  technical  set  of  guidelines, 
to  give  a little  bit  of  background  on  the  science  of  it.  I have  a few  slides 
if  we  can  figure  out  how  to  run  the  machine. 

This  is  just  diagrammatic  of  the  basic  structure  of  viruses — that  basi- 
cally all  viruses  are  a protein  shell  surrounding  a nucleic  acid  genome. 

The  nucleic  acid  is  that  little  wiggly  thing  in  the  center,  and  it  generally 
codes  for  anywhere  from  6 to  50  proteins,  and  although  viruses  are  very 
small,  being  of  the  order  of  100  millimicrons  average  in  cross-section  or 
diameter,  they  are  very  complex.  They  have  a number  of  different  proteins 
that  are  inserted  in  very  orderly  array  to  make  up  this  protective  protein 
shell.  The  nucleic  acid  is  the  infectious  portion;  the  protein  does  not 
contribute  to  the  heredity.  In  some  cases  of  viruses,  the  nucleic  acid 
alone  can  infect  cells  and  produce  all  of  the  proteins  and  progeny  nucleic 
acid  and  result  in  new  virus  formation.  In  many  other  cases  the  nucleic 
acid  is  not  infectious  by  itself,  but  has  to  have  enzymes  that  are  carried 
in  the  virus  particle  or  other  specifications  that  the  virus  doesn't  carry. 

Now,  an  important  class  of  viruses  are  those  on  the  right.  Many  viruses 
pick  up  a cellular  type  membrane,  the  double-layered  membrane  that  is  pinched 
off  from  some  cell  membrane.  I am  talking  about  eukaryotic  viruses  now.  It 
has  glycoproteins  on  it.  The  envelope  is  necessary  for  the  infectivity  of 
these  viruses,  and  it  is  an  envelope  that  is  totally  dissimilar  from  the 
bacterial  cell  wall.  It  is  a safety  feature  which  we  have  not  incorporated 
in  the  Guidelines,  but  I think  eventually  it  will  be  a very  significant 
safety  feature.  There  is  just  no  way  anyone  can  imagine  that  a virus  with 
an  envelope  could  be  synthesized  in  toto  in  a prokaryotic  cell. 

The  next  slide  shows  just  a classification  of  the  types  of  genomes. 

We  can  break  them  down  into  three  types.  The  genome  can  be  either  DNA  or 
RNA.  In  all  DNA  viruses  that  I know  of,  the  genome  is  one  chromosome.  All 
of  the  genes  are  in  one  linear  nucleic  acid  sequence.  In  some  RNA  viruses, 
the  genome  is  one  molecule;  but  there  are  others,  including  influenza,  and 
in  particular  reoviruses,  where  the  genome  is  three  to  ten  chromosomes-- 
essentially,  three  to  ten  different  segments,  all  of  which  are  needed  for 
infectivity.  And  we  have  used,  as  we  will  mention  in  a little  bit,  this 
difference  between  a single  molecule  genome  and  a segmented  genome  as  a 
safety  feature,  in  that  the  chance  of  doing  anything  with  these  segemented 
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genomes  in  the  way  of  synthesizing  virus  or  even  getting  the  whole  genome 
into  a prokaryotic  system  is  virtually  impossible.  So  we  think  of  the  last 
category  as  clearly  less  risky  than  the  others,  if  that  is  the  right  word. 

Now,  a significant,  important  class  of  viruses  are  the  so-called  retro- 
viruses. They  are  of  particular  interest — well,  first,  the  word  "retro" 
comes  from  the  word  "reverse  transcriptase" — the  enzyme  that  is  carried  in 
the  virus  particle  that  translates  the  RNA  of  the  virus  into  DNA,  following 
which  the  DNA  is  inserted  into  the  cell  DNA.  These  are  important  because 
they  are  present  in  normal  chromosomes  of  many  species,  not  yet  known  for 
humans,  but  clearly  present  in  mice  and  chickens  and  many  other  laboratory 
and  domestic  animals.  The  virus  genome  is  present  as  normal  gene  in  the 
animals.  One  of  the  early  concerns  in  relation  to  recombinant  DNA  work  was 
that,  in  shotgun  cloning  from  cells,  one  could  pick  up  the  genomes  of  these 
viruses  inadvertently. 

The  other  cause  for  at  least  thinking  of  these  in  a special  category  is 
that  the  leukemia  viruses,  the  viruses  that  cause  leukemia  and  mammary  tu- 

(mors  in  mice  and  in  ch ickens--not  many  mammary  tumors  in  chickens,  but  plen- 
ty of  leukemias — they  belong  in  this  class. 

This  illustrates  their  life  cycle  in  kind  of  a sloppy  way.  The  virus 
contains  reverse  transcriptase;  it  infects  a cell;  the  RNA  is  released,  is 

i transcribed  into  DNA;  the  DNA  is  integrated  into  the  cell,  and  then  tran- 
scribes RNA,  which  synthesizes  the  viral  protein,  and  RNA  puts  it  together 
again  to  make  a virus  which  is  an  enveloped  virus.  In  addition,  the  genome 
sequences  in  the  chromosome  of  the  cell  can  be  induced  to  start  synthesizing 
virus  if  it  is  a whole,  complete  viral  genome.  There  are  many  copies  of 
partial  pieces,  just  small  pieces  of  the  viral  genome  in  the  species  that 
carry  these.  Some  of  them  are  complete  genomes;  most  are  defective  short 
segments.  But  they  are  very  complex  viruses,  and  they  fall  in  the  category 
that  I think  could  not  possibly  be  synthesized  by  a bacterium.  The  nucleic 
acid  could. 

Another  word  that  we  have  to  define  is  "baculoviruses . " These  are 
viruses  that  occur  only  in  insects.  They  don't  replicate  as  far  as  is 
known  in  any  plant  or  animal.  Several  baculoviruses  are  extremely  narrow 
in  their  host  range.  Most  of  them  only  grow  in  certain  species  and  don't 
cross  even  species  lines,  much  less  genera  or  class.  And  they  are  so  viru- 
lent for  the  larval  stage  of  certain  insects  that  they  have  been  developed 
for  pest  control  purposes,  and  are  very  widely  disseminated  for  control  of 
Douglas-fir  tussock  moth,  and  the  cotton  bollworm.  These  have  been  tested 
more  extensively  than  any  other  virus  for  host  range  and  safety  in  a wide 
variety  of  species.  Dozens  and  dozens  of  fish,  Crustacea,  mammals,  birds, 
everything  has  been  tested  to  get  the  EPA  certification  that  these  baculo- 
viruses are  safe  for  distribution.  They  provide  some  very  interesting 
features  for  recombinant  DNA  research. 

That  is  the  last  slide,  I think,  if  I could  have  the  lights. 
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There  is  one  other  word  that  is  important  to  recognize,  and  that  is  the 
word  "papovavirus . " Papovavirus — we  virologists  tend  to  have  recombinant 
words — papovavirus  means  papilloma,  polyoma,  and  vaculating  virus,  which  is 
the  old  name  for  SV40.  Two  important  viruses  fall  in  this  group — polyoma 
virus  and  SV40.  They  are  very  similar  viruses.  They  are  small,  nonenveloped 
viruses,  with  a circular  genome  that  is  quite  small,  and  they  do  have  the 
ability  to  transform  cells  in  tissue  culture  and  produce  tumors  in  certain 
laboratory  rodents,  not  in  higher  animals. 

All  right,  now  the  question  of  using  viral  genomes  or  pieces  of  viral 
genomes  in  prokaryotic  host-vector  systems.  We  previously  just  put  a lid  on 
the  whole  thing.  We  said  that  until  we  know  more,  feel  more  comfortable 
with  the  system,  let  us  just  go  very  slow  on  these.  We  just  said  all  viral 
genomes  would  have  to  be  done  at  very  high  containment.  Now  we  have  had 
is  much  more  discussion,  and  I think  we  have  a much  more  rational  classifica- 
tion of  these  viruses  in  relation  to  containment.  I think  although  it  is 
still  an  extremely  tight,  restrictive  system,  it  is  on  a very  rational  basis. 

The  justification  is  spelled  out  in  footnote  five  of  the  Guidelines. 

We  don't  need  to  go  to  it  now,  but  basically,  for  the  whole  virus  genome, 
which  carries  any  risk  at  all  of  producing  infection,  of  moving  out  of  the 
bacterium  into  the  cells  the  way  the  polyoma  experiment  is  postulated  at 
least  to  look  for,  no  change  has  been  made  for  that  scenario.  That  is,  for 
DNA  of  a virus  or  reverse  transcript,  the  DNA  copy  of  a retrovirus,  this 
has  not  been  changed  if  the  whole  viral  genome  is  present. 

But  we  feel  that  if  one  is  working  with  just  pieces  of  the  viral  genome, 
clearcut  subviral,  noninf ect ious  segments  of  the  genome,  either  the  segmented 
portion  from  an  RNA  virus  copied  into  DNA  or  a chopped  up  restriction  enzyme 
fragment  purified  away  from  the  rest  of  the  viral  genome,  that  this  cannot 
infect,  we  know  this,  and  it  is  consequently  safer  and  can  be  worked  with  at 
one  step  of  containment  lower. 

However,  we  have  maintained  a great  deal  of  caution  in  that  if  the  seg- 
ment, free  of  the  rest  of  the  genome  that  is  required  for  infect ivity,  but 
if  that  segment  has  been  incriminated  in  any  way  in  cell  transformation,  if 
that  is  the  crucial  transforming  gene  or  the  gene  that  codes  for  some  mem- 
brane protein  that  may  turn  a cell  into  malignant  behavior,  then  that  cannot 
be  cloned  at  the  lower  containment  level.  That  has  to  be  treated  as  if  it 
were  the  whole  infectious  genome  as  far  as  containment  goes.  That  is  a very 
restrictive  point  because  we  don't  think  that  viral  transformation  is  that 
simple  an  event.  It  is  not  just  a matter  of  having  a protein  floating  around 
in  the  environments  of  the  cell.  It  is  probably  a very  specific  insertion  of 
the  DNA  into  the  host  cell  at  particular  places,  and  the  proteins  changing 
regulation  as  they  are  produced  within  the  cell.  So  that  is  a very  cautious 
specification. 

Another  criterion  for  setting  containment  is  the  nature  of  the  host 
in  which  the  virus  naturally  occurs — that  is,  whether  it  is  a warm-blooded 
animal,  a cold-blooded  animal,  or  an  invertebrate.  Cold-blooded  animals  have 
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viruses  whose  optimal  temperature  for  growth,  the  optimal  functioning  of 
their  enzymes  is  at  lower  temperatures,  and  almost  without  exception  they 
will  not  multiply  at  the  body  temperature  of  mammals.  They  are  adapted  to 
more  like  room  temperature  growth — their  whole  evolution  is.  So  we  feel 
that  viruses  of  cold-blooded  mammals  can  be  put  into  prokaryotic  systems  at 
a one  lower  level  of  containment  than  the  comparable  virus  from  warm-blooded 
mamma 1 s . 

The  only  invertebrate  virus,  or  virus  of  invertebrates,  that  even  is 
specially  handled  are  these  baculovirus  genomes  that  are  being  distributed 
into  nature  and  have  such  a restricted  host  range  in  the  first  place.  They 
have  a lower  containment.  Containment  for  plant  viruses,  which  would  be 
reverse  transcripts  of  RNA  viruses,  have  not  been  changed  from  the  previous 
Guidelines.  That  is,  for  the  inserts  into  prokaryotes. 

Now,  in  the  use  of  viruses  as  vectors  we  have  changed — that  is,  animal 
viruses  as  vectors  for  infecting,  carrying  DNA  segments  into  eukaryotic 
cells  in  tissue  culture,  we  have  made  some  changes,  primarily  in  introducing 
the  possibility  of  using  adenovirus  types  2 and  5 as  vectors,  since  they 
meet  the  criteria  that  were  set  up  by  the  working  group  that  made  the  Guide- 
lines, the  first  issue  of  the  Guidelines.  Adeno  2 and  3 are  so  extensively 
studied  now  they  can  be  worked  with  as  restriction  fragments.  Pieces  can  be 
deleted  from  them  by  restriction  enzyme  technology.  One  can  create  abso- 
lutely defective  viruses  that  can  have  DNA  inserted  into  them  but  cannot  rep- 
licate because  they  are  missing  many  essential  genes.  They  can  only  replicate 
if  there  is  a normal  virus  in  the  same  cell. 


We  have  specified  containment  levels  for  polyoma  virus,  SV40  virus, 
and  adenovirus  types  2 and  5.  I should  mention  that  types  2 and  5 adeno- 
virus are  viruses  of  man,  but  as  we  specify,  they  cannot  be  used  unless 
they  are  totally  unable  to  infect — that  is,  the  genome  that  is  carrying  the 
recombinant  DNA.  Also,  almost  everyone  in  the  general  population,  as  Harry 
Ginsberg  and  I showed  many  years  ago,  almost  everybody  has  antibodies  and 
is  thoroughly  protected  against  these  viruses  because  they  have  them  in 
childhood,  and  the  chance  of  picking  them  up  in  adult  laboratory  workers  is 
very  minimal.  Also,  laboratory  workers  can  be  screened  for  antibody,  and 
only  people  with  antibody  can  work  with  them. 

We  have  not  made  any  major  changes  in  that  section.  It  is  mostly  rede- 
fining some  of  the  criteria  on  defectiveness.  There  is  one  recommendation 

that  I have  added  that  is  in  the  supplemental  comments,  and  that  is  that  the 

mouse  adenovirus,  an  exactly  analogous  virus  that  we  isolated  from  mice  some 
years  ago  which  does  not  replicate  in  human  cells,  has  now  been  developed 
technologically  by  Dan  Nathans  well  enough  that  it  is  a candidate.  Very 

shortly  it  will  be  a candidate  vector,  and  it  will  have  great  advantages  over 

the  human  adenoviruses  in  that  it  does  not  enter  into  human  cells,  it  does 
not  grow  there.  So  it  would  remove  any  concern  at  all  about  infecting 
humans,  and  yet  should  serve  the  purpose. 

In  summary,  I think  that  these  are  very  cautious  recommendations  on 
the  use  of  viral  genomes.  They  are  very  inhibitory  for  viral  research. 
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There  is  one  piece  of  information  which  I think  is  quite  relevant  that 
has  come  up  since  we  prepared  these  Guidelines,  that  to  me  and  many  others 
is  a very  impressive  feature  on  the  possible  safety  of  these  experiments. 

That  is  the  phenomenon  of  splicing  discovered  by  Phil  Sharp  and  George 
Khoury  and  some  of  the  Cold  Spring  Harbor  people,  and  that  is  that  viral 
genomes,  adenovirus  and  SV40,  are  the  ones  on  which  it  was  discovered,  they 
do  not  just  transcribe  off  linear  copies  of  the  RNA  which  then  makes  linear 
copies  in  the  protein.  There  are  extensive  processes  that  go  on.  The  RNA 
is  transcribed  out  and  then  enzymes  chop  out  pieces  of  the  RNA,  paste  it 
together  again  so  that  you  have  the  start  and  the  synthetic  sequences  hooked 
up  together.  Now,  this  happens  beautifully  in  animal  cells,  but  bacteria  do 
not  have  these  enzymes  as  far  as  it  is  a control  mechanism  that  bacteria 
don't  use.  So  it  is  a way  that  we  feel  sure  these  viruses  can  never  be  put 
together  as  whole  viruses  in  a prokaryotic  system,  because  it  is  a whole 
immensely  complex  and  important  enzymatic  system  that  bacteria  just  don't  use 
and  don ' t have . 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Rowe.  Would  you  remain  there  at 

the  podium? 

Dr.  Rowe  has  discussed  this  very  important,  almost  excruciatingly 
important  area  of  the  Guidelines.  We  will  have  Dr.  Tooze  talking  about 
some  of  these  aspects  again  later,  but  I think  maybe  the  Committee  would 
like  to  ask  Dr.  Rowe  some  questions  at  this  time. 

Dr.  DeRoos. 

DR.  DE  ROOS : When  you  mentioned  the  use  of  the  antibody  testing  in 

relation  to  adenoviruses,  this  implies  to  me  somewhat  specific  medical 
monitoring,  an  approach  to  laboratory  employees.  I am  wondering,  do  you 
feel  that  the  Guidelines,  later  on  where  they  mention  medical  monitoring, 
do  you  feel  that  the  Guidelines  can  be  more  specific  in  relation  to  medical 
monitoring  for  different  groups  of  experiments? 

DR.  ROWE:  For  the  most  part  not,  in  that  99  percent  of  the  real 

interest  in  recombinant  DNA  research  is  in  E.  col i and  similar  bacterial 
systems,  where  serological  responses  are  just  not  good.  You  don't  develop 
an  antibody  response  to  K-12  or  most  other  E.  colis.  E.  col is  have  so  many 
antigens,  there  are  hundreds  and  hundreds  of  different  combinations  in  the 
organism,  but  they  change  as  they  exchange  information.  I don't  think 
serologic  monitoring  for  E.  coli  has  any  possibilities.  For  the  adenovirus 
it  is  very  easy  and  very  clearcut. 

DR.  DE  ROOS:  So  this  would  be  one  of  the  few  instances  where  you 

could  be  specific. 

DR.  ROWE:  Yes,  very  clearly.  SV40  also,  either  as  a prerequisite 

for  working  with  them  or  as  a way  of  monitoring  lab  infections. 
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DR.  FREDRICKSON:  Mr.  Beaty. 

MR.  BEATY:  In  the  background  of  the  proposed  revisions  on  page  16, 

Category  35  for  DNA  viruses — 

DR.  FREDRICKSON:  This  is  in  the  Green  Book? 

MR.  BEATY:  That  is  right.  In  transcripts  of  retrovirus  genomes,  you 

give  either  P4+EK1  or  P3+EK2.  Is  the  EK2  in  the  second  case  a mistake?  In 
the  Federal  Register  it  is  listed  as  EK3+P3  for  that  category. 

DR.  ROWE:  It  was  set  for  P3+EK3.  That  was  my  recollection.  The 

minutes  and  all  would  have  to  clarify  that. 


DR. 

FREDRICKSON: 

Mr.  Helms. 

MR. 

HELMS:  Will 

Dr.  Helinski  be  back? 

DR. 

FREDRICKSON: 

Yes,  I think  he  will.  He  is 

here . 

MR. 

save 

HELMS:  All  right,  because  my  question  was 

Dr.  Rowe  a sort  of  conflict  of  interest. 

really 

directed  to 

him 

DR. 

FREDRICKSON: 

Would  you  like  to  address  it 

to  him 

now? 

MR. 

HELMS:  Yes, 

I would. 

DR. 

FREDRICKSON: 

Dr.  Helinski,  do  you  mind? 

MR.  HELMS:  The 

the  questions  that 

question  I have  for  you  is  to  ask  the 
have  been  asked  previously,  and  that 

reverse  of 
is  whether 

some 

we 

have  been  too  restrictive  in  these  Guidelines,  particularly  with  respect 
to  viruses.  I would  like  you  to  address  yourself  if  you  could,  please,  to 
the  remarks  that  Dr.  Tooze  made  earlier.  I find  it  somewhat  unfortunate 
that  we  have  had  to  wait  on  these  risk  assessments.  Now,  there  are  other 
reasons,  obviously,  aside  from  the  Guidelines — the  legal  problems  and  the 
labor  problems  and  the  rest  of  it.  But  one  aspect  that  you  can  look  at  is 
whether  it  should  have  been  set  at  such  a high  level  of  containment,  whether 
it  would  have  caused  these  problems  in  the  beginning,  or  whether  you  would 
take — in  other  words,  whether  the  European  point  of  view  is  something  that  we 
should  look  at  more  closely — not  because  we  are  in  competition  with  them,  I 
might  add,  but  because  they  are  highly  respected  scientists. 

DR.  FREDRICKSON:  Dr.  Helinski. 

DR.  HELINSKI:  Well,  to  begin  with,  I am  not  an  animal  virologist, 

so  far  as  the  hazard  aspects  with  animal  viruses,  I must  admit  at  the  out- 
set that  I am  very  much  dependent  on  people  such  as  Wally  Rowe  and  other 
animal  virologists  who  have  had  input  into  our  Committee. 
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I guess,  initially,  with  respect  to  my  own  response  to  the  contain- 
ment levels  for  the  animal  virus  experiments,  I felt  that  they  were  set  at  a 
reasonably  cautious  level.  But  I have  come  around  now  that,  in  view  of  the 
experimentation  that  has  been  carried  out  on  the  EK1  and  EK2  systems  and  the 
additional  information  that  we  have  received  from  a number  of  experts  in  the 
field,  that  I think  that  if  I really  were  to  come  down  on  it  I would  view  them 
as  being  perhaps  overly  cautious  at  the  present  time. 

MR.  HELMS:  I am  not  sure  of  the  mechanism  for  this,  but  is  it  pos- 

sible that  the  Europeans  could  give  us  the  benefit  of  their  research  when 
published,  and  that  it  could  be  considered  when  the  final  Guidelines  come 
up  to  see  whether  we  really  need  as  high  a level  of  containment  for  the 
experiments  which  Drs.  Martin  and  Rowe  want  to  carry  out  as  we  have  said  in 
the  past,  and  has  the  new  research  added  something  to  our  fund  of  knowledge 

now?  What  do  we  need  from  them  to  prove  the  point  to  us? 

DR.  FREDRICKSON:  Dr.  Skalka. 

DR.  SKALKA:  Would  it  be  possible  for  me  to  make  a short  statement? 

DR.  FREDRICKSON:  Yes,  it  would. 

DR.  GINSBERG:  May  I ask  a question  of  Dr.  Rowe? 

DR.  FREDRICKSON:  Of  course.  Dr.  Ginsberg  first  and  then  Dr.  Skalka. 

DR.  GINSBERG:  Wally,  I am  completely  unclear  as  to  why  polyoma  has 

assumed  such  a high-risk  status.  Why  are  the  Guidelines  written  like 
this?  Why  do  you  recommend  this? 

DR.  ROWE:  It  is  very  hard  to  say,  because  that's  over  into  the  poli- 

tical area. 

DR.  GINSBERG:  Well,  let's  talk  as  scientists  now.  Let  Don  worry 

about  the  politics. 

DR.  ROWE:  I think  we  have  to  first  divide  these  two  areas  that  we 

are  talking  about.  Are  we  talking  about  the  insertion  into  prokaryotes, 
or  the  use  of  polyoma  as  a vehicle  into  eukaryotic  cells? 

DR.  GINSBERG:  I would  start  with  the  insertion  into  prokaryotes, 

and  I will  get  to  the  use  as  a vector  later. 

DR.  ROWE:  Well,  I think  historically  it  is  just  the  picture  of  viral 

genomes  being  delivered  in  new  host-range  systems  that  had  many  people 
concerned,  and  we  said,  well,  this  is  one  area  where  we  will  be  very  tight 
until  we  can  get  the  information  we  need,  until  we  can  get  a data  base.  We 
can  see  ways  to  get  a better  data  base,  and  we  wouldn't  always  have  to  guess. 

I think  we  very  deliberately  said  let's  placate  the  fears  that  were  very 
clear  at  the  time.  I really  feel  that  this  was  an  over-political  decision. 

You  can't  divorce  the  scientific  from  the  political.  We  said  this  is  an 
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unpalatable  type  of  scenario,  and  we  had  better  be  very,  very  careful  until 
we  have  some  more  data.  I think  the  EK2  and  even  the  EKl  data  are  very 
powerful  in  relation  to  putting  polyoma  or  almost  any  other  viral  genome  into 
prokaryotes . 

DR.  FREDRICKSON:  That  is  the  first  part  of  the  question. 

DR.  GINSBERG:  The  second  part  of  the  question,  I suppose  you  will 

answer  the  same  way. 

DR.  ROWE:  Yes,  I think  so.  The  use  of  polyoma  virus  as  a vector, 

I cannot  myself  come  up  with  a meaningful  risk  scenario  for  either  people 
or  mice.  So  I will  say  on  that  one,  that  was  not  really  my  initiative, 
that  was  more  the  sense  of  the  Committee. 

DR.  FREDRICKSON:  Dr.  Rowe,  before  Dr.  Skalka  gives  her  comment,  would 

you  answer  the  question  for  me — I am  not  certain  now:  if  you  use  polyoma  as 

a vector,  say,  for  putting  the  mouse  hemoglobin  gene  in  the  mouse  cell,  and 
polyoma  normally  resides  in  the  mouse,  what  is  the  containment  level  now? 

What  will  it  be  set  at? 

DR.  ROWE:  It  will  be  P3.  I think  it  is  P3  now. 

DR.  GINSBERG:  P3+EK3? 

DR.  ROWE:  No,  it  is  polyoma  as  a vector. 

DR.  GINSBERG:  Oh,  polyoma  as  a vector,  I am  sorry. 

DR.  ROWE:  There  is  the  question  that  polyoma  in  mouse  cells  is  known 

to  pick  up  some  mouse  cellular  DNA  sequences  covalently  linked  and  carried 
in  defective  particles.  It  can  make  its  own  recombinant  DNA  and  normally 
does  in  a certain  proportion,  a fairly  large  proportion  of  particles.  SV40 
does  the  same  in  monkey  cells,  certainly  in  nature  as  well  as  in  the  labora- 
tory, because  it  is  a monkey  virus. 

DR.  FREDRICKSON:  Just  to  be  sure — I am  not  trying  to  make  a point,  but 

I want  to  be  sure:  polyoma  virus  is  normally  found  in  mice  in  the  laboratory? 

DR.  ROWE:  Only  in' mice  in  nature,  yes. 

DR.  FREDRICKSON:  But  in  order  to  do  this  experiment  you  have  to  go  in 

P3 . 

I wonder,  Dr.  Skalka,  if  you  would  make  your  comment,  then  I know 
others  here  would  like  to  question  Dr.  Rowe.  Dr.  Skalka  is  from  the  Roche 
Institute  of  Molecular  Biology. 

DR.  SKALKA:  My  comments  don't  reflect  the  Roche  Institute,  but  my  own. 
But  they  do  in  fact  reflect  the  opinions  of  Drs.  Paul  Berg  and  David  Balti- 
more as  reflected  in  these  letters  that  you  have.  They  also  reflect  the 
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feelings  of  the  Europeans  as  stated  by  John  Tooze  earlier.  For  the  sake  of 
brevity  I would  just  like  to  read  from  the  pertinent  section  of  my  letter  to 
Dr.  Fredrickson  where  I address  retroviruses  per  se,  but  my  comments,  I 
think,  could  be  taken  in  general  to  pertain  to  the  Guidelines,  the  levels 
outlined  in  the  Guidelines  for  animal  viruses. 

In  my  opinion,  there  is  little  use  in  designing  experimental  Guidelines 
for  "permissible  experiments"  which  cannot  be  practically  met.  This  is  the 
case  for  the  classification  of  DNA  viruses  and  DNA  transcripts  of  retrovi- 
ruses. Furthermore,  the  designation  of  containment  for  this  class  of  experi- 
ments seems  disproportionately  conservative  on  several  counts.  I go  on 
to  list  them.  Viruses  in  this  class  belong  to  the  NCI  category  low-risk. 

In  their  naturally  infectious  form,  such  viruses  can  be  handled  at  what 
would  correspond  to  a P2  level  of  containment.  If  we  accept  the  Guidelines' 
conservative  approach  of  assigning  recombinant  organisms  to  a level  not 
less  than  required  for  handling  the  most  hazardous  components,  then  a rea- 
sonable level  for  these  experiments  might  be  P3 . Instead,  they  have  been 
placed  at  the  unobtainable  level  of  P4  plus  EK1 . 

To  compound  the  problem,  essentially  no  flexibility  has  been  provided, 
for  in  this  particular  instance  a decrease  of  one  step  in  physical  contain- 
ment, P4  to  P3, requires  an  increase  of  two  steps  in  biological  containment, 
EK1  to  EK3 . This  requirement  again  puts  the  experiment  in  the  realm  of  the 
unobtainable,  since  no  EK3  vectors  are  yet  available  or  even  in  the  testing 
st  age  . 

What  is  the  special  concern  for  this  category?  As  far  as  I can  tell, 
it  relates  to  a scenario  in  which  DNA  of  an  animal  vector  virus  is  presented 
to  a cell,  presumably  via  E.  coli  infection  of  the  gut,  in  a form  for  which 
it  has  no  natural  resistance.  Since  it  already  seems  clear  from  what  we 
have  heard  that  E^_  coli  K-12  carrying  a DNA  insert  cannot  become  an  epidemic 
pathogen,  especially  if  it  is  in  an  EK2  strain,  the  only  potential  hazard 
is  to  the  investigator,  and  not  to  the  public.  Therefore,  the  basis  for 
special  concern  and  conservatism  in  this  area  of  research  versus  other 
types  of  viral  research  seems  to  have  disappeared. 

How  real  is  the  hazard  to  the  investigator?  We  already  have  some  data 
from  preliminary  experiments  of  Majrtin  and  Rowe  which  bear  directly  on  this 
point.  Using  the  model  system  of  polyoma  virus  in  its  highly  susceptible 
mouse  host,  they  show  that  naked  polyoma  virus  DNA  could  indeed  cause  viral 
infections  of  mice,  and  the  highest  infectivity  was  observed  after  subcutane- 
ous injection.  Impressive  as  this  fact  seems,  this  infectivity  is  still 
only  five  times  10~5  of  the  specific  infectivity  of  the  virus  in  its  native 
form.  One  interpretation  of  these  data  is  that  preparing  naked  DNA  is  quite 
an  effective  method  of  attenuating  this  virus.  Thus,  research  with  DNA  or 
recombinant  DNA  including  these  viral  genes  seems  to  provide  an  important 
safety  advantage,  at  least  in  this  particular  virus  and  sensitive  host  sys- 
tem. It  seems  probable  that  such  research  would  provide  an  even  greater 
safety  advantage  when  dealing  with  this  and  other  viruses  in  a virus  insen- 
sitive host  system — that  is,  the  hypothetical  situation  in  which  an  investi- 
gator somehow  becomes  infected  with  an  E.  coli  K-12  containing  viral  genes. 
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The  viruses  in  this  category  are  not  human  pathogens,  and  they  repre- 
sent animal  model  systems  which  are  of  great  biomedical  importance.  The 
current  practical  moratorium  on  recombinant  DNA  research  with  these  systems 
does  not  seem  to  be  a sound  balance  of  risk  and  benefit. 

DR.  FREDRICKSON:  Dr.  Skalka,  I am  going  to  return  to  Dr.  Rowe.  I didn't 

realize  you  were  going  to  give  a public  witness  statement. 

DR.  SKALKA:  Well,  it  was  just  a reading  of  my  letter. 

DR.  FREDRICKSON:  Back  to  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  I just  wondered — you  mentioned  that  adenovirus,  if  I 

heard  you  right,  you  commonly  find  antibodies  in  humans  to  the  adeno-2.  Do 
you  find  any  traces  of  adeno  genome  in  the  cells  of  humans? 

DR.  ROWE:  Maurice  Green — Well,  I am  sure  you  would  in  the  tonsils  of 

children,  because  that  is  where  they  reside,  at  least  through  adolescence, 
probably.  Maurice  Green  has  used  the  highly  labeled  probes,  fractions  of 
probes,  and  has  never  been  able  to  find  any  adenovirus  gene  sequences  in  a 
wide  variety  of  human  tumors  as  well  as  normal  tissues.  I don't  know  what 
he  finds  with  the  adenoids  and  tonsils.  They  can  persist  in  low-grade 
infectious  form  in  lymphoid  tissues. 

DR.  FREDRICKSON:  Further  comments  or  questions  for  Dr.  Rowe? 

If  not,  both  he  and  Dr.  Helinski  will  still  be  available.  Mr.  Hutt. 

MR.  HUTT:  Could,  he  respond  to  the  specific  comment  in  the  letter  that 

might  be  useful  at  this  stage? 

DR.  FREDRICKSON:  To  the  letter  or  statement  that  Dr.  Skalka  just  made? 

MR.  HUTT:  Yes. 

DR.  FREDRICKSON:  There  were  several. 

MR.  HUTT:  The  burden  was  that  putting  it  on  the  level  that  it  has  been 

placed  has  simply  banned  this  type  of  research,  which  is  very  valuable,  and 
there  is  a relatively  low  risk. 

DR.  ROWE:  That  is  certainly  my  personal  feeling  now,  yes. 

MR.  HUTT:  Well,  could  you  describe,  if  that  is  your  personal  feeling, 

why  the  Committee  came  out  the  way  it  did? 

DR.  ROWE:  An  exercise  in  mass  psychology.  I think  there  is  just  this 

lingering  element  of  infectious  nucleic  acids,  known  infectious  nucleic 
acids  in  cells  that  have  the  capacity  to  maintain  themselves,  the  highly 
theoretical  capacity  and  now  very  unlikely  capacity  to  maintain  themselves 
in  nature. 
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MR.  HUTT:  Two  further  questions,  then.  First,  has  research  been 

undertaken  or  is  it  being  undertaken  to  resolve  whatever  risk-assessment 
is  necessary  on  that  specific  point,  or  is  that  the  kind  of  experiment  you 
were  talking  about  earlier? 

DR.  ROWE:  It  is  the  kind  that  is  under  this  indefinite  delay,  yes. 

MR.  HUTT:  It  is?  Okay.  The  second  is,  Is  that  kind  of  research  that 

cannot  go  forward  now  because  it  is  in  P4 , is  that  the  kind  that  is  being 
placed  in  P3  abroad? 

DR.  ROWE:  Yes. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  When  will  the  evidence  be  in  from  abroad,  at  least  satisfac 

tory  to  the  Committee,  that  if  they  are  doing  these  experiments  and  people 
are  not  dropping  like  flies,  what  should  we  wait  for,  how  long  until  we  have 
something  publishable? 

DR.  FREDRICKSON:  I think  maybe  it  would  be  useful  to  have  Dr.  Tooze 

join  us  at  this  moment.  He  is  scheduled  to  be  an  invited  witness,  but  it 
will  be  on  this  very  subject.  Don't  you  think  you  would  like  to  precede  the 
plant  viruses  or  plant  problems?  You  want  to  talk  about  this  particularly, 
don't  you? 

DR.  TOOZE:  Yes. 

DR.  FREDRICKSON:  Then  why  don't  you  take  the  podium.  Excuse  me, 

though — before  you  do  that,  Professor  Rosenblith  had  a question. 

PROFESSOR  ROSENBLITH:  I am  starting  to  feel  distinctly  uncomfortable. 

We  are  faced  with  a draft  and  we  are  now  hearing  one  testimony  after  another 
that  this  is  a political  draft,  that  it  has  been  done  for  reasons  that  per- 
haps the  Committee  is  not  comfortable  with.  I have  here  a testimony  of  Dr. 
Szybalski  which  he  just  distributed  which  certainly  goes  further  in  that  di- 
rection. What  are  we  faced  with,  Mr.  Chairman?  Would  you  care  to  explain 
that  to  us? 

DR.  FREDRICKSON:  Well,  I think  we  could  serially  ask  the  members  of 

the  Advisory  Committee  who  are  here,  but  I think  that  I would  gather  from 
the  sum  of  testimony  that  you  have  heard  thus  far  that  the  Committee  feels 
that  it  has  been  extremely  conservative  in  making  recommendations,  at  least 
in  this  particular  area.  Many  questions  have  been  asked  of  Dr.  Rowe.  I 
think  it  is  perhaps — if  I am  not  accurate  someone  should  stop  me — he  is  one 
of  the  ranking  viral  experts  on  this  Committee;  he  has  a vested  interest  in 
a number  of  the  experiments  that  relate  to  the  use  of  some  of  these  viruses; 
and  he  has--I  presume  it  would  be  feasible  to  believe  that  he  may  well  have 
erred  on  the  side  of  extreme  conservatism,  perhaps  to  avoid  any  appearance 
of  conflict  of  interest.  These  are  among  some  of  the  aspects  which  seem  to 
be  undertones  of  some  of  the  discussion  you  have  heard. 
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PROFESSOR  ROSENBLITH:  I would  have  felt  a good  deal  more  comfortable 

if  we  had  had  a minority  opinion,  if  we  had  had  a statement  that  this  is 
what  we  really  believe,  and  this  is  what  it  seems  to  do,  but  at  the  present 
time  I must  say  that  this  leakage  of  testimony  that  is  each  time  labeled 
political  makes  me  uncomfortable. 

DR.  ROWE:  If  I could  comment  to  that,  I wrote  a letter  to  Science  that 

was  published  about  six  weeks  ago  in  which  I defended  the  use  of  this  word 
"political."  It  is  unusual  in  Washington  to  defend  the  word  "politics," 
but  I think  we  have  to  differentiate  between  the  scientific  and  the  politi- 
cal. Our  Committee  was  asked  two  questions,  what  is  the  scientific  evidence 
that  there  might  be  a risk,  and  what  is  the  appropriate  administrative 
response  to  this  risk.  The  latter  I call  a political  decision.  It  is  a 
policy  in  response  to  a factual  data  base.  It  is  the  difference  of  a legal 
question  of  fact  and  a question  of  law. 

I think  in  this  case  we  had  a certain  body  of  facts  and  a very  heavy 
reaction  to  it.  I don't  mind  using  the  word  "political"  in  that  all  of  our 
responses,  recommendations,  are  policy,  political  responses  to  varying 
levels  of  data. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  I would  like  to  say,  I feel  a little  bit  the  same  way  Profes- 
sor Rosenblith  feels.  I think  that  one  of  the  things  that  would  be  a great 
shame  here  is  to  turn  the  scientific  process  into  the  political  process. 

For  one  thing,  lawyers  would  be  out  of  jobs,  but  beyond  that — 

PROFESSOR  ROSENBLITH:  That  is  not  what  I was  worried  about. 

(Laughter. ) 

MR.  HELMS:  But  beyond  that  I think  this  standard  of  excellence  that  is 

represented  by  the  National  Institutes  of  Health  means  that  the  decisions 
which  are  made  here  are,  at  least  at  the  level  below  the  Director — perhaps 
perforce  you  must  involve  yourself  in  the  political  process,  but  I would 

think  at  the  Recombinant  Committee  level,  decisions  ought  to  reflect  as 

closely  as  possible  the  science  of  the  matter,  and  not  have  dilutions  at 
that  level.  I think  there  will  be  plenty  of  dilutions  in  the  political  pro- 
cess when  it  moves  to  another  part  of  town.  That  bothers  me  a little  bit. 

DR.  FREDRICKSON:  Dr.  Gustafson,  you  are  very  familiar  with  NIH,  sci- 

ence, and  its  confrontation  or  interface  with  politics.  I note  you  have  a 
comment . 

DR.  GUSTAFSON:  I worry  a little  bit  about  the  use  of  the  word  "politi- 

cal," because  it  seems  to  me  it  can  mean  many  different  things  to  many  dif- 
ferent ears.  It  can  mean  finding  the  lowest  common  denominator  between 
various  pressure  groups  to  which  a group  like  the  NIH  is  responsible.  In 
that  sense  it  seems  to  me  to  have  a pejorative  connotation,  and  there  are 
good  reasons  to  worry  about  it. 
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But  I take  it  that  it  is  also  the  case  that  the  NIH,  as  a public  insti- 
tution, has  to  be  concerned  about  the  political  in  another  sense — namely, 

What  is  the  public  good,  or  what  is  the  public  well-being? — and  it  seems  to 
me  that  if  we  think  of  the  political  in  terms  of  what  is  for  the  public 
good  or  the  public  well-being,  then  it  seems  to  me  we  have  got  to  recognize 
that  there  are  margins  beyond  the  purely  scientific,  that  it  is  the  responsi- 
bility of  an  advisory  committee  to  the  Director  of  the  NIH  to  take  into 
account.  From  some  perspectives,  I suppose  this  is  finding  compromises 
among  interest  groups.  From  other  perspectives,  I take  it,  it  is  trying  to 
find  a solution  which  takes  into  account  not  merely  the  legitimate  interests 
of  the  scientific  community,  but  takes  into  account  other  legitimate  values 
that  people  are  concerned  about  in  our  society. 

I would  worry,  Mr.  Chairman,  if  the  word  "political"  took  purely  pejor- 
ative connations,  and  if  this  Committee  didn't  recognize  that  it  has  a re- 
sponsibility for  the  public  well-being  of  which  the  scientific  is  only  one 
part . 


DR.  FREDRICKSON:  Dr.  Sturgis. 

DR.  STURGIS:  Dr.  Gustafson  and  I seem  to  see  eye  to  eye  pretty  much, 

and  I am  very  concerned  because  we  seem  to  be  acting  on  the  assumption  that 
we  really  know  all  the  answers,  and  I think  that  is  far  from  true.  If  we 
look  into  the  field  of  occupational  medicine,  where  not  long  ago  we  laughed 
at  the  hazard  of  asbestos,  and  now  it  is  very  well  documented,  what  do  we 
know  about  the  latent  periods  that  may  be  involved  in  these  things.  I ad- 
mire very  much  the  revised  Guidelines'  attempt  to  err  on  the  side  of  caution, 
to  be  prudent.  I think  it  would  be  a sad  thing  if  the  National  Institutes 
of  Health,  which  command  such  great  respect,  were  to  jump  in  on  the  basis  of 
inadequate  data,  and  take  too  definite  stands  which  they  would  later  have  to 
retract.  I think  we  ought  to  be  prudent.  I think  they  made  provisions  for 
exceptions,  and  I think  that  we  should  be  cautious. 

DR.  FREDRICKSON:  Dr.  Ginsberg. 

DR.  GINSBERG:  I couldn't  argue  with  Dr.  Sturgis'  very  well  put  state- 

ment. The  reason  I initiated  the  questions  to  Dr.  Rowe  was  that  I think  they 
have  erred  on  the  side  of  caution  in  a sense  so  restrictive  to  progress  that 
I think  it  is  worth  this  sort  of  discussion,  however  it  turns  out.  I think 
this  is  a very  important  discussion. 

I think  there  is  a lot  of  data  on  polyoma.  I think  that  one  can  ques- 
tion how  much  data  are  available  to  much  of  this,  vis-a-vis  adenovirus  or 
even  SV40;  but  I think  that  relative  to  whether  polyoma  can  infect  man,  or 
does  infect  man,  I think  there  is  a world  of  data.  So  I think  that  is  why 
I picked  on  that  virus,  and  I think  it  might  be  that  one  could  be  less 
restrictive  with  one  virus  that  we  know  a lot  about,  and  develop  the  risk- 
assessments  through  that  rather  than  having  the  community.  I should  have 
prefaced  my  remarks,  I do  not  work  in  this  area  myself.  I am  a virologist, 
but  do  not — have  not  and  do  not — intend  to  do  these  experiments  in  the  imme- 
diate future,  so  I am  not  talking  from  a personal  interest. 
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DR.  FREDRICKSON:  I think  before  we  began  this  exchange,  and  a very 

useful  exchange  it  has  been,  we  were  going  to  have  Dr.  Tooze . Shall  we 
still  proceed  in  that  line,  and  Dr.  Rowe,  if  you  would  just  remain  close  by, 
because  we  are  still  in  this  area  of  what  is  it  we  know,  what  are  the  facts, 
what  are  the  different  attitudes  if  we  don't  know  the  facts  about  the  use 
of  viruses  as  hosts  and  vectors,  or  as  sources  of  recombinant  DNA. 

Dr.  Tooze. 

DR.  TOOZE:  I think  I would  like  to  begin  by  saying  two  things.  First 

of  all,  at  least  on  our  side  of  the  Atlantic  we  still  believe  we  are  talking 
about  conjectural  hazards  and  no  proven  hazards.  We  still  think  we  are  talk 
ing  about  guidelines  and  not  laws.  That  colors  the  whole  tone  of  the  discus 
sion  and  of  course  changes  the  complexion  to  what  you  have  here. 

DR.  FREDRICKSON:  Dr.  Tooze,  I forgot  to  warn  you.  Can  you  summarize 

in  about  five  minutes? 

DR.  TOOZE:  Yes,  surely. 

DR.  FREDRICKSON:  Very  good. 

DR.  TOOZE:  Our  feeling  also  is  that  if  you  want  a set  of  guidelines 

and  you  want  people  to  follow  them,  unless  you  are  going  to  have  draconian 
enforcement  procedures,  they  have  to  command  the  respect  of  the  people  who 
are  supposed  to  be  obeying  them.  I don't  believe  that  you  convince  anybody 
that  if  you  clone  100  base  pairs  of  the  coat  gene  of  adeno,  you  should  do 
this  under  a P3+EK2  system,  after  you  have  purified  and  gone  through  all 
the  whole  business.  That  is  a standard  they  simply  will  not  obey  because 
they  believe  it  is  unreasonable,  and  it  is  unreasonable.  It  is  totally 
unreasonable  to  classify  all  viruses  of  birds  and  mammals  in  one  large 
group.  You  are  talking  about  lassa  fever  and  Ebola  virus,  and  minute  virus 
of  mice,  which  is  a single-stranded  virus,  like  (J>X174.  To  put  a single 
blanket  classification  on  all  those  experiments  at  a stringent  level  is 
asking  for  the  guidelines  simply  to  be  ignored. 

We  believe  that  in  all  countries,  America  and  all  the  European  coun- 
tries, the  discussion  of  containment  of  viruses  has  been  skipped  over.  It 
reflects  the  composition  of  the  committees  who  have  been  drawing  up  the 
guidelines,  chiefly.  Certainly  in  the  "Williams  Report,"  there  is  a blatant 
error  in  their  statement  on  viruses,  which  they  have  acknowledged. 

I believe  you  have  to  take  viruses  one  by  one,  class  by  class,  and  de- 
cide what  sort  of  agent  it  is,  what  its  host  range  is,  what  its  virulence 

is,  what  its  pathogenicity  is,  and  then  come  up  with  some  conditions  for 

it.  To  make  these  blanket  classifications  is,  in  my  opinion,  scientific 
nonsense.  That  is,  using  viruses  as  a source  of  DNA. 

The  other  problem  is  that  if  you--let  us  turn  now  to  polyoma  and  SV40 
as  a vector.  Every  time  you  infect  the  cell  at  a high  multiplicity  with 
polyoma,  and  it  is  a mouse  cell,  it  will  recombine  with  some  of  the  host 
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cell  DNA  and  come  out  with  it,  and  you  get  packaged  viral  particles,  part 
host,  part  virus.  That  is  a recombinant  DNA  experiment,  but  it  goes  on 
naturally  all  the  time.  It  is  the  one  that  the  Chairman  referred  to. 

You  cannot  convince  people,  I don't  think,  to  do  under  P3  containment 
a cloning  of  a mouse  gene  in  polyoma  in  a mouse  cell.  It  is  simply  not  rea- 
sonable to  ask  that. 

The  EMBO  has  asked,  within  Europe  we  will  try  to  set  up  a working  party 
to  consider  the  question  of  viruses,  and  we  would  be  very  pleased  if  we 
could  make  it  a European/American  venture.  That  is  a separate  issue,  but 
clearly  we  would  not  be  prepared  to  go  along  with  these  guidelines  in  our 
countries,  because  we  do  not  believe  we  could  honestly  stand  up  to  the 
people  who  are  supposed  to  follow  them  and  say  that  this  is  a reasonable 
set  of  proposals. 

I think  finally  I would  like  to  mention  very  briefly  what  Helinski 
talked  about  this  afternoon  before  the  dinner  break.  In  our  opinion  as 
long  as  you  are  using  E.  coli  systems,  and  we  are  convinced  of  the  data 
that  says  that  E.  coli  K-12  and  its  derivative  systems  are  absolutely 
adequately  safe  for  the  majority  of  experiments  that  are  being  contemplated, 
and  we  would  say  that  if  you  are  not  using  the  DNA  of  a pathogen  or  DNA 
from  a pathological  tissue,  then  the  basic  ground  rules  for  containment 
should  be--and  we  make  no  distinction  between  primates  and  other  mammals, 
nor  between  embryonic  DNA  and  adult  DNA,  because  we  don't  believe  they  are 
valid — for  all  birds  and  mammals,  P2+EK2,  and  for  all  other  eukaryotes 
P2+EK1  or  P1+EK2,  and  for  prokaryotes  P1+EK1 . Those  will  be  the  basic 
ground  rules.  Now,  you  can  elaborate  exceptions  which  we  would  cheerfully 
agree  to,  like  if  you  are  using  a pathogenic  DNA  and  that  is  what  you  are 
going  to  clone.  But  we  believe  those  are  adequate  precautions,  given  the 
risk. 

I do  agree,  however,  with  those  who  have  spoken  and  said  that  when  you 
are  talking  about  novel  host-vector  systems,  you  should  proceed  with  more 
caution,  because  it  is  the  case  that  the  one  bacterial  system  that  we  know 
something  about  is  E.  coli , E.  coli  K-12,  and  the  others  are  much  less  well 
developed.  So  I would  agree  entirely,  and  it  seems  to  me  that  the  justifi- 
cation for  lowering  the  requirement  for  physical  containment  is  that  you 
are  using  an  E.  coli  K-12  system  which  presents  no  hazard,  and  as  long  as 
you  stop  in  that  system,  there  doesn't  seem  to  be  much  requirement  for  a 
very  high  level  of  physical  containment  unless  you  are  specifically  going 
out  for  the  DNA  of  a pathogen,  or  the  DNA  from  a pathological  tissue. 

Thank  you. 

DR.  FREDRICKSON:  Dr.  Tooze,  could  I ask  for  you  to  clarify  several 

things,  and  then  I know  there  will  be  comments  here.  I didn't  quite  under- 
stand you.  The  EMBO  Standing  Committee  advises  that  for  shotgun  experiments 
involving  normal  healthy  tissue  from  nonpathogenic  prokaryotes  in  an  EK-12 
host-vector  system  you  would  use  P1+EK1? 
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DR.  TOOZE:  Yes. 

DR.  FREDRICKSON:  The  revised  Guidelines  proposed  by  the  NIH  Committee 

indicate  that  for  well-characterized  genes  from  prokaryote  sources  we  would 
use  P1+EK2.  May  I ask  what  classification  you  use  in  Europe  to  define  path- 
ogenic? Are  you  bound  by  the  CDC  Class  1,  Class  2,  and  so  forth? 

DR.  TOOZE:  I don't  think  that — EMBO  is  an  organization  of  scientists 

It  really  isn't  a national  committee.  I believe  it  is  true  to  say  that  the 
French  National  Committee  on  Tuesday  of  this  week  took  the  criteria  I just 
read  out  to  you  as  their  basic  ground  criteria  from  which  you  can  elaborate 
special  cases  where  you  believe  you  have  a special  risk.  But  those  were  the 
basic  ground  cases. 

If  you  say  what  is  a pathogen  and  what  isn't  a pathogen,  I think  clear- 
ly there  are  some  well-defined  and  well-known  pathogens.  They  are  listed 
by  yourselves  and  by  other  organizations.  And  then  there  are  organisms  less 
well  characterized  which  may  be  pathogenic  or  may  not.  I think  we  would  con 
cede,  if  you  want  to  use  the  words  "well  characterized"  for  nonpathogenic 
versus  pathogenic.  I think  those  are  points  one  can  elaborate.  I would 
take  those  to  be  exceptions  rather  than  the  rule. 

DR.  FREDRICKSON:  I mention  that  specifically  for  the  record,  because 

there  recurs  throughout  the  commentary  here  questions  about  the  CDC  classi- 
fication with  reference  to  Class  2,  where  it  is  felt  very  strongly,  and  has 
been  through  correspondence  for  a year,  that  certain  organisms  are  there 
which  are  clearly,  in  the  minds  of  many  people,  not  shown  to  be  pathogenic, 
and  that  there  will  be  some  necessity  of  raising  the  question  about  doing 
something  about  the  CDC  classification  in  two  different  ways.  One  is  to 
look  toward  a revision  of  it,  and  that  is  in  progress,  a cooperative  endeav- 
or between  CDC  and  the  National  Institute  of  Allergy  and  Infectious  Diseases 
Another  is  that  the  Recombinant  Advisory  Committee  dealing  with  these  Guide- 
lines will  have  to  have  some  discretion  to  consider  certain  of  those  orga- 
nisms that  may  be  proposed  in  the  interim. 

Now,  Mr.  Hutt — 

MR.  HUTT:  I have  two  related  questions.  The  first,  we  start  with  the 

premise  that  anything  that  requires  either  EK3  or  P4  in  this  country  at  this 
time  in  effect  is  banned,  because  we  have  neither.  Now,  is  there  a signifi- 
cant amount  of  experimentation  that  is  so  characterized  under  our  Guidelines 
— not  just  the  current  ones,  but  the  proposed  new  ones — that  requires  less 
stringent  EK  or  P containment  abroad,  and  therefore  that  can  be  done  abroad 
at  this  time,  that  can't  be  done  here?  That  is  a very  general  question 
that  may  require  only  a general  answer.  But  I think  it  would  be  useful  if 
we  could  understand  what  is  permitted  abroad  in  a sense  that  is  prohibited 
in  this  country  today. 

The  second  is  a related  question.  You  said  that  you  must  take  one 
virus  at  a time,  in  effect,  and  look  at  it.  Is  EMBO  the  organization  that 
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does  that,  and  do  you  come  up  with  a master  list,  or  do  you  have  a committee 
that  makes  ad  hoc  decisions,  and  gives  the  answers  in  response  to  specific 
requests  from  specific  investigators?  What  is  the  procedural  mechanism  for 
handling  that  kind  of  issue? 

DR.  TOOZE:  I will  answer  the  first  question  first.  In  the  United  King 

dom  primate  and  other  mammalian  shotgun  experiments  are  category  three, 
physical  containment. 

MR.  HUTT:  And  they  are  four  here? 

DR.  TOOZE:  Yes.  You  remember  Emmett  Barkley  drew  those  slides.  You 

can  argue  whether  category  three  is  greater  than  the  American  P3,  which  it 
is,  but  it  is  certainly  not  as  stringent  as  American  P4 , which  is  extremely 
difficult  to  achieve. 

MR.  HUTT:  Now,  is  research  going  on  in  that  area  in  England? 

DR.  TOOZE:  To  be  sure,  yes. 

MR.  HUTT:  Well,  that  answers  that. 

DR.  TOOZE:  Very  much  so,  yes.  I mean,  someone  is  busily  cloning  hu- 
man X chromosome  DNA,  absolutely.  Why  not?  That  is  what  we  wish  to  do. 

MR.  HUTT:  Now,  the  second  part  of  it  is  how — 

DR.  TOOZE:  The  second  part,  I think  it  must  clearly  be  the  case.  If 

everybody  looks  at  the  way  the  Guidelines  in  the  States  and  in  other  coun- 
tries are  drawn  up,  it  is  quite  clear  in  my  opinion  that  virus  work  has  been 
ditched.  There  is  at  least  one  European  country,  which  will  remain  nameless 
which  decided  that  it  needed  something  in  the  highest  category  for  political 
reasons,  so  they  put  viruses  there,  because  there  were  hardly  any  virolo- 
gists on  its  national  committee.  That  is  a fact  and  I believe  that  it  is 
the  case  that  in  the  United  States  the  virologists  have  been  relatively 
weakly  represented.  There  is  no  question  about  that;  just  look  at  the  compo 
sition.  And  you  have  Guidelines  that  reflect  this. 

Now,  at  this  stage  we  are  all  busily  revising  the  Guidelines,  and  we 
have  an  opportunity  to  do  something  about  it.  You  simply  cannot — I don't 
believe  you  can  expect  anybody  to  buy  this  package  on  viruses.  I am  not 
saying  that  the  Committee  should  be  blamed  or  whatever  for  all  the  work  it 
has  done,  because  it  has  done  a lot  of  work  under  the  most  extremely  trying 
conditions.  But  what  I would  say  is  that  EMBO,  on  the  European  basis  will 
be  very  pleased  to  do  it,  as  we  did  with  the  NIH  on  that  physical  contain- 
ment workshop  to  which  Emmett  Barkley  referred — to  make  some  attempt  to 
assess  the  taxonomic  groups  of  viruses,  the  host  range,  the  virulence,  the 
pathogenicity  of  viruses,  and  then  assess  some  risk  for  those  viruses. 
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MR.  HUTT:  Have  you  done  that? 

DR.  TOOZE : No,  this  is  something  that  we  have  proposed.  It  is  not  a 

simple  task,  but  it  is  something  which — Dr.  Fredrickson,  and  I am  grateful 
to  him,  very  quickly  reproduced  that  Telex  we  sent,  and  it  is  amongst  one 
of  the  sections. 

MR.  HUTT:  Well,  what  I am  not  clear  on  is  how  you  do  handle  those  is- 

sues at  this  time. 

DR.  TOOZE:  Well,  we  would  get  together,  say,  a dozen  medical  virolo- 

gists plus  molecular  virologists,  and  perhaps  slightly  more  than  that,  to  sit 
down  and  try  and  work  out  a reasonable  proposal,  virus  group  by  virus  group, 
just  as  these  Guidelines  evolved. 

MR.  HUTT:  What  is  happening  today  in  terms  of  that  research  in  Europe? 

Is  it  going  on,  and  if  so,  under  what  guidelines,  or  under  no  guidelines? 

DR.  TOOZE:  Virus  research?  Virus  cloning?  Well  now,  it  goes  on  under 

the  individual  national  guidelines.  I mean,  in  France,  Tiollais  and  Philip- 
son  have  cloned  part  of  the  gene  of  adeno. 

MR.  HUTT:  Is  there  a group  in  France  that  has  approved  that  research? 

DR.  TOOZE:  Yes. 

DR.  FREDRICKSON:  Why  don't  you  just  explain  about  the  GMAGs? 

DR.  TOOZE:  Well,  in  each  country  there  are  national  advisory  commit- 

tees, but  the  countries  are  smaller  and  the  problem  is  smaller,  because  the 
number  of  groups  per  country  is  much  smaller.  They  have  roughly  parallel 
guidelines,  but  they  are  not  identical.  And  for  most  countries — for  virus 
cloning  it  is  true  in  all  countr ies--you  must  individually  put  your  proposal 
to  your  national  committee  and  have  some  decision  made  upon  it. 

MR.  HUTT:  All  right,  so  the  procedure  is  an  advisory  committee  looks 

at  an  individual  experiment  and  decides  that  the  risk  is  acceptable  or  not. 

DR.  TOOZE:  For  virus  cloning,  yes. 

MR.  HUTT:  For  virus  cloning.  Thank  you.  I am  sorry  to  have  dragged 
that  out,  but  I thought  it  was  useful  for  us  to  understand  procedures  that 
it  is  handled  under  elsewhere. 

DR.  FREDRICKSON:  Mr.  Helms,  I would  guess,  wants  the  answer  to  his 

earlier  question,  about  when  will  all  this  information  be  available  that  you 
referred  to  earlier,  Dr.  Tooze. 

DR.  TOOZE:  Which  information? 
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DR.  FREDRICKSON:  Relative  to  the  polyoma  experiments. 

DR.  TOOZE : Oh,  the  risk-assessment  one?  Well,  whether  the  recombinant 

molecules  are  infectious  per  se  will  be  probably  the  end  of  February,  be- 
cause that  simply  involves  taking  this  DNA  and  sprinkling  it  on  some  cells 
and  seeing  what  happens.  But  then  if  you  are  going  to  feed  it  in  E.  coli  to 
mice,  then  you  have  to  really  wait  for  the  natural  lives  of  those  mice,  so 
that  means  18  months. 

We  are  going  to  specifically  issue  actually  a press  release  saying  that 
as  soon  as  we  go  into  the  animal  stage  of  the  experiment,  there  will  be  a 
total  blackout  on  all  information  until  all  the  data  is  collected,  because 
this  is  the  sort  of  experiment  which  is  open  to  misinterpretation. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Will  enough  be  done,  let  us  say,  by  the  end  of  February,  to 
be  informative  to  Dr.  Helinski's  group;  or  is  it  too  early  a stage?  I am 
just  not  enough  of  a scientist  to  know  how  far  you  have  to  take  this  for  it 
to  be  useful  for  the  revision  of  these  Guidelines. 

DR.  FREDRICKSON:  Dr.  Tooze , what  do  you  think? 

DR.  TOOZE:  I think  that  this  particularly  is  just  one  experiment,  and 

assessing  risk  in  this  field  is  a manifold  business,  and  this  will  just  be 
one  experiment.  Many  other  sorts  of  risk  assessment  experiments  can  go  on 
in  parallel.  The  increase  in  confidence  it  will  give  one  in  the  Guidelines 
either  way  is  not  going  to  be  that  great.  But  that  is  true  of  almost  any 
risk-assessment  experiment. 

DR.  FREDRICKSON:  Dr.  Sinsheimer  has  a question. 

DR.  SINSHEIMER:  John,  I have  to  ask  a couple  of  questions,  and  I don't 
know  that  much  about  animal  viruses.  I am  frequently  struck  by  the  anthropo 
morphic  character  of  the  discussion  here  as  we  suggest  that  polyoma  work  is 
safe  because  polyoma  doesn't  replicate  in  human  cells.  What  is  the  host 
range  of  polyoma  besides  rodents?  What  do  we  know  about  other  animals? 

DR.  TOOZE:  I think  that  as  far  as  we  know  in  nature  it  is  only  in  mice 
isn't  it,  but  Wally  knows  a great  deal  more  about  that  than  I do.  You  might 
ask  him. 

DR.  FREDRICKSON:  Would  you  like  Dr.  Rowe  to  answer  that? 

DR.  ROWE:  In  nature,  antibodies  have  never  been  found  in  any  species 

except  mice.  In  the  laboratory  it  will  enter  cells  and  transform  in  a 
number  of  small  rodents,  but  does  not  replicate.  In  rats  it  replicates 
very  inefficiently,  but  it  does  make  some  virus.  In  human  cells,  a few 
human  cell  lines  at  very  high  multiplicity,  you  can  get  some  antigen  induced 
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but  no  virus  coming  out.  So  it  is  very  narrow,  and  it  is  almost  totally 
restricted  to  Mus  musculus  for  replication  of  virus  as  infectious  particles. 

DR.  SINSHEIMER:  You  see  what  I am  getting  at  is,  Are  there  other 

species  which  we  might  endanger  by  these  experiments  inadvertently? 

DR.  TOOZE:  I think  that  is  a very  reasonable  position,  because  it 

seems  to  me  the  whole  business  is  enormously  anthropocentric,  and  we  could 
well  argue  that  when  we  go  out  of  E.  col i we  have  more  reason  to  be  cautious 
than  when  we  stop  in  it,  because  the  chief  target  for  E . col i will  be  our- 
selves, but  we  have  little  idea  what  the  ecological  significance  of  non-coli 
forms  may  be.  I would  agree.  And  I think  when  we  look  at  viruses  we  have 
to  look  at  not  just  whether  they  are  infectious  for  man,  but  what  they  are 
infectious  for.  I have  the  thought  that  if  you  released  harmful  recombinant 
— if  you  could  make  such  a thing,  which  is  questionable,  which  devastated 
some  plant  species,  you  might  do  more  harm  than  any  other  way. 

The  point,  however,  is  that  if  you  have  a small  characterized  part  of — 
let  us  take  any  virus,  and  you  have  sequenced  the  damn  thing,  and  you  know 
that  it  is  the  100  base  pairs  of  the  coat  protein  of  a virus,  which  as  far 
as  you  can  tell  has  no  significant  pathological  effect  on  its  natural  host 
species,  and  you  are  asking  someone  to  keep  that  thing  P3-EK2  because  it 
just  came  from  a virus,  that  I do  not  believe  is  a rational  guideline. 

DR.  SINSHEIMER:  I just  ha-'e  one  other  technical  question. 

DR.  FREDRICKSON:  Yes,  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  This  relates  to  the  use  of  polyoma  as  a vector.  You 

indicated  that  in  any  experiment  where  you  infect  mice,  many  of  the  parti- 
cles will  come  out  with  fragments  of  mouse  genome.  Are  those  random? 

DR.  TOOZE:  That  is  difficult  to  say.  I am  not  sure  enough  effort  has 

been  put  into  characterizing  it.  I don't  think  it  is  totally  random,  but 
on  the  other  hand  I don't  think  it  is  totally  very  specific  either.  Maxine 
Singer  is  doing  the  same  sort  of  experiment,  I think,  with  SV40,  which  has 
the  same  thing,  and  as  far  as  I can  gather  from  sequencing,  there  are  no 
clear  sequence  homologies  that  were  constant  so  that  it  was  going  into  one 
site  all  the  time  and  coming  out  at  one  site  all  the  time.  On  the  other 
hand,  whether  it  is  totally  random  I don't  know.  Mai  Martin  could  probably 
answer  better  than  I. 

DR.  MARTIN:  Well,  it  is  not  clear  that  it  is  totally  random,  but  both 

repetitive  and  nonrepet  it ive  host  sequences  are  present  in  polyoma. 

DR.  SINSHEIMER:  Obviously  what  I am  getting  at  is,  again,  the  question 

of  if  you  do  shotgun  experiments  even  of  mouse  DNA  with  polyoma,  are  you 
creating  some  novel  forms? 

DR.  TOOZE:  We  would  propose,  with  using  the  viruses  as  vectors,  that 

the  most  rational  way  to  make  a--here  we  are  using  animal  viruses  as  vectors 
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and  animal  cells  as  hosts.  So  biological  containment  is  assured  by  the  ex- 
treme fastidious  nature  of  animal  cells  in  culture.  So  all  you  have  to  deal 
with  is  physical  containment  now.  It  seems  to  us  the  closer  the  donor  DNA 
species  is  to  the  natural  host  of  the  virus  you  are  using  as  vector,  the 
lower  the  containment  need  be,  and  the  further  that  difference  the  higher 
the  containment.  So  if  you  are  putting  mouse  DNA  into  polyoma,  which  is  a 
mouse  virus  which  picks  it  up  anyway,  and  putting  that  in  mice,  PI  would 
seem  enough.  If,  on  the  other  hand,  you  are  putting  a lower  eukaryotic  DNA 
into  that  system  where  you  have  less  reason  for  saying  that  the  thing  can't 
have  any  harm  at  all,  then  you  would  have  a slightly  higher  level  of  contain 
ment,  or  a much  higher  level  of  containment.  But  it  must  reflect,  I think, 
the  relationship  between  the  donor  and  the  natural  host  species  of  the  virus 
Those  are  the  crucial  relationships.  And  the  species  of  the  host  cell  that 
you  are  putting  the  recombinant  in  when  you  have  got  it.  You  should  base 
any  classification  on  that  inverse  set  of  relationships. 

DR.  FREDRICKSON:  The  suggestion  that  Dr.  Tooze  referred  to  in  his  tele 

gram  about  a meeting  on  viruses  is  in  accord  with  one  made  by  other  American 
commentators,  and  with  our  own  feelings  here  after  reviewing  extensively 
the  comments.  You  heard  Dr.  Barkley  describe  this  morning  some  of  the 
efforts  toward  a comity  of  containment  definitions,  which  I think  was  con- 
siderably helped  by  a meeting  which  EMBO  and  the  NIH  sponsored  last  summer, 
and  we  have  been  making  some  preliminary  overtures  today  to  decide  whether — 
not  really  whether,  but  how  we  might  be  able  to  have  a similar  meeting 
between  Americans  and  Europeans  on  this  matter  of  virology.  We  are  going  to 
have  an  SV40  polyoma  conference  here  sponsored  by  the  Fogarty  International 
Center  in  February,  and  we  decided  that  that  wouldn't  be  quite  the  group 
that  would  be  most  useful  here.  Dr.  Tooze,  I am  looking  forward  to  getting 
together  with  you  during  this  next  day  or  so  and  seeing  if  we  can't  work 
out  something,  because  we  would  be  very  much  interested  in  doing  the  same. 

Whether  it  would  be  possible  to  have  it  in  time  to  affect  the  revisions 
of  these  Guidelines  depends  on  our  ambitions  for  the  revision,  but  we  would 
do  our  best. 

Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  I can't  help  but  be  impressed  with  the  discus- 

sion that  has  just  taken  place,  in  the  sense  that  those  of  us  who  are  not 
experts  in  these  fields  need  to  understand  the  range  of  scientific  debate  or 
uncertainty  before  we  superimpose  upon  that  a range  of  policy  uncertainties. 
And  it  was  really  that  that  I was  asking  for  before,  and  I think  we  have 
been  illuminated  on  that  a good  deal,  and  I think  that  I for  one,  perhaps 
parochially,  am  also  impressed  with  the  fact  that  the  way  in  which  numbers 
are  being  used  in  the  area,  even  the  taxonomy  of  containment,  if  I may  say 
so,  lends  itself  to  significant  misunderstandings.  And  I think  at  interna- 
tional meetings,  if  no  other  benefit  were  to  be  derived,  and  I think  a great 
deal  from  what  we  have  heard  will  be  derived,  ought  to  really  deal  with  this 
question  of  the  taxonomies  of  containment,  and  especially  this — I will  say 
beautifully  produced,  colorful  chart,  where  I at  least  was  no  longer  sure  as 
to  what  the  trade-offs  between  the  various  taxonomies  were. 
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Let  me  go  one  step  further  and  say  that  as  far  as  I am  concerned  I am 
not  frightened  by  erring  on  the  side  of  caution,  having  still  a faint  memory 
of  how  we  didn't  err  on  that  side  in  the  area  of  radiation.  So  I think  we 
are  concerned — we  are  a group  here  that  I hope  is  singularly  sensitive  to 
the  policy  issues  as  they  interact,  because  that  is  really  the  interface 
at  which  we  are  supposed  to  be  useful  to  you,  Mr.  Chairman,  as  they  interact 
with  the  range  of  scientific  concerns. 

DR.  FREDRICKSON:  Precisely.  And  knowing  that,  we  try  to  get  to  you 
the  maximum  amounts  of  scientific  information,  which  is  what  we  so  heavily 

seek  here. 

I think  that  I must  now  ask  that  we  move  to  the  next  and  final  area 
of  presentation  in  this  particular  bloc. 

DR.  ROWE:  Before  I leave,  could  I make  one  sentence  to  Dr.  Rosenblith? 

DR.  FREDRICKSON:  Yes. 

DR.  ROWE:  I think  scientifically  there  is  not  much  dissension.  I think 

we  are  all  rather  much  in  agreement  scientifically. 

DR.  FREDRICKSON:  That  is  a very  cryptic  comment  which  we  will  come  back 

to . 


(Laughter . ) 

DR.  ROSENBLITH:  That  was  a political  comment. 

(Laughter . ) 

DR.  FREDRICKSON:  Ms.  Simring,  you  have  time  later  in  the  evening,  I 

hope.  Can  you  please  take  up  your  question  at  that  time. 

MS.  SIMRING:  I can  if  Dr.  Tooze  will  still  be  available  for  his  answers. 

DR.  FREDRICKSON:  I am  sure  he  will. 

Now,  the  matter  of  plants — oh,  I am  sorry,  there  is  a correction  which 
Dr.  Gartland  wanted  to  get  into  the  record. 

DR.  GARTLAND:  I would  like  to  clarify  something  that  came  up  almost  an 

hour  ago,  and  that  is  on  page  16  of  the  Green  Book,  line  35,  where  we  are 
under  viruses  of  cold-blooded  vertebrates,  the  containment  levels  are  correct 
as  printed  there,  namely  P4+EK1  or  P3+EK2. 

DR.  FREDRICKSON:  You  are  reading  that  because  somebody  misspoke? 

DR.  GARTLAND:  Yes,  someone  thought  that  it  was  P3+EK3. 
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DR.  FREDRICKSON:  I see,  all  right.  The  record  is  clear. 

MR.  BEATY:  So  it  is  an  error  then  in  the  Federal  Register. 

DR.  TALBOT:  The  warm-blooded  is  the  P3+EK3  and  the  cold-blooded  is 

P3+EK2.  They  follow  one  another,  and  they  look  quite  alike. 

DR.  FREDRICKSON:  Is  that  clear,  Mr.  Beaty? 

MR.  BEATY:  Yes. 


DR.  FREDRICKSON:  Now  we  turn  to  another  area,  in  some  ways  equally  as 

difficult,  from  the  standpoint  of  some  of  us  at  least,  and  that  is  the 
matter  of  experiments  with  plants.  I should  say  that  we  have  attempted  to 
serially  increase  the  Recombinant  Advisory  Committee  in  regard  to  the  com- 
petence in  the  plant  area.  There  are  now  two  members.  We  look  to  the  op- 
portunity to  present  a third. 

Dr.  Peter  Day,  who  was  to  present  this  particular  section,  is  ill;  he 
could  not  be  here  today.  Therefore,  Dr.  Zaitlin,  who  has  recently  joined 
the  Committee,  has  very  kindly  agreed  to  summarize  instead  of  Dr.  Day. 

Dr.  Zaitlin. 


DR.  ZAITLIN:  Thanks,  Dr.  Fredrickson.  I am  sure  if  Dr.  Day  were  here, 

he  would  make  an  elegant  plea  for  the  use  of  recombinant  DNA  technique  in 
plant  work.  I don't  really  think  that  is  necessary.  Obviously  it  is  a tech- 
nique which  is  of  interest  to  plant  scientists,  and  I think  there  is  a small 
number  of  people  involved,  but  the  interest  is  certainly  growing.  The  in- 
terest in  this  has  really  been  accelerated  recently  by  the  finding  of  Dr. 
Chilton  and  her  colleagues  that  a plasmid  of  Agrobacterium  tumefaciens  is 
incorporated,  at  least  in  part,  into  the  host  genome.  There  are  other 
vectors  which  are  considered  as  probable  for  insertion  of  plant  DNA  into 
plant  tissues,  and  amongst  these  are  plant  viruses.  Unfortunately,  most 
plant  viruses  are  RNA  viruses,  and  there  are  just  two  groups  relatively 
restricted  in  their  host  range  which  are  DNA  plant  viruses.  One  group  is 
double-stranded  DNA,  and  another  involves  single-stranded  DNA  viruses.  So 
I think,  actually,  that  plant  viruses  probably  may  have  a limited  role  in 
being  a vector  in  this  sort  of  work. 

I would  like  to  address  myself  to  the  proposed  suggested  changes  in  the 
Guidelines.  These  are  three  in  number.  The  biggest  one  is,  if  you  look  at 
your  Green  Book  at  page  15,  this  is  with  respect  to  shotgun  experiments.  Now, 
the  original  Guidelines  called  for  a higher  level  of  containment  for  cloning 
DNA  from  plants  that  make  a project  known  to  be  dangerous  to  any  species. 

Now,  this  caused  some  problems  because  as  an  extreme  example,  all  plants 
make  CO2  in  the  dark,  which  is  toxic  in  high  enough  concentrations  to  most 
aerobes.  So  a strict  interpretation  would  thus  have  called  for  P3+EK2  with 
plant  DNA,  and  the  Committee  considered  this  unreasonable. 
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The  suggested  changes  also  reflect  the  higher  risk  from  potent  poly- 
peptide toxins  which  can  be  produced  by  a single  gene  or  cluster  of  genes, 
as  opposed  to  nonpolypeptide  plant  toxins  such  as  alkyloids  which  are  end 
products  of  a complex  series  of  biochemical  reactions,  and  are  coded  for 
by  genes  that  are  not  clustered  in  one  region  of  the  DNA.  These  changes 
are  given  in  lines  16,  17,  and  18  of  the  table. 

Now,  the  second  change  relates  to  the  prohibited  experiments  in  Sec- 
tion III,  and  this  is  with  respect  to  item  number  three  in  the  old  Guide- 
lines which  stated  that  deliberate  creation  from  plant  pathogens  of  recom- 
binant DNAs  that  are  likely  to  increase  virulence  and  host  range  were 
proscribed  experiments.  It  now  says  that  what  is  proscribed  is  deliberate 
creation  by  the  use  of  recombinant  DNA  of  a plant  pathogen  with  increased 
virulence  and  host  range  beyond  that  which  occurs  by  natural  genetic  ex- 
change. Now,  this  change  is  to  allow  for  research  to  explore  the  genetic 
controls  of  virulence  and  the  host  range  of  plant  pathogens.  For  example, 
if  we  were  to  generate  an  avirulent  mutant  of  an  organism  which  is  normally 
pathogenic,  we  could  now  study  the  factors  necessary  for  restoration  to 
virulence  using  recombinant  DNA  techniques.  Under  the  older  Guidelines  this 
experimentation  would  not  have  been  allowed,  and  the  Committee  felt  that 
this  was  indeed  an  oversight. 

The  third  change  is  one  that  Dr.  Helinski  also  talked  about,  and  that 
is  this  restriction  on  deliberate  release  into  the  environment.  It  was 
thought  that  eventually — and  this  is  long-term  in  the  future — that  some  of 
the  benefits  of  recombinant  DNA  in  agriculture  will  only  be  realized  through 
the  eventual  release  of  organisms  which  have  incorporated  recombinant  DNA. 

So  accordingly,  we  inserted  a means  for  obtaining  exceptions  to  any  of  the 
prohibitions,  of  course  subject  to  the  recommendations  of  the  Recombinant 
Advisory  Committee,  and  approved  by  the  Director  of  NIH. 

DR.  FREDRICKSON:  Are  there  any  questions  for  Dr.  Zaitlin?  There  are 

two  invited  witnesses  in  this  area  of  plants,  Dr.  Chilton  and  Dr.  Duvick. 

So  if  you  would  like  to  hear  them,  let  us  go  on.  Dr.  Chilton,  did  you 
have  some  comments  you  wanted  to  make? 


DR. 

CHILTON:  I 

guess 

not  now. 

DR. 

FREDRICKSON: 

Not 

now? 

DR. 

CHILTON:  Do 

you 

want  me  to  get  up  and  be 

a witness  now? 

DR. 

FREDRICKSON: 

No, 

you  can  do  just  as  you 

like,  but  you  are 

one  of  the  experts  here  on  plants. 

DR.  CHILTON:  I would  be  happy  to  reply  to  any  questions,  but  I 

don't  have  any  comments  now. 

DR.  FREDRICKSON:  Is  Dr.  Duvick  here?  Dr.  Duvick  is  the  Director  of 

the  Plant  Breeding  Division  of  the  Pioneer  Hi-Bred  International,  Inc.,  in 
Johnston,  Iowa. 
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Dr.  Duvick,  would  you  care  to  make  some  comments? 

DR.  DUVICK:  A few.  People  have  asked  me  why  I haven't  spoken  up 

before  now,  and  the  reason  is  that  I don't  know  much  about  what  you  people 
are  talking  about.  I am  here  representing  myself.  To  a certain  extent  I 
represent  my  company,  but  I think  I may  speak  for  a good  many  plant  breeders 
who  have  been  working  with  recombining  DNA  for  the  past  50  and  100  years  in 
more  or  less  scientific  terms,  but  of  course  on  a very  different  level  from 
that  about  which  we  have  been  talking  today. 

We  plant  breeders  have  a specific  purpose  for  recombining  DNA,  for  get- 
ting chromosome  recombinations,  and  that  is  to  develop  new,  and  we  hope 
improved,  varieties  of  plants  which  we  intend  to  release  into  the  environ- 
ment. My  company  sells  them;  public  breeders  release  them  free.  We  do 
intend  to  release  them.  We  look  therefore  at  the  techniques  that  are  being 
talked  about  today  necessarily  from  the  point  of  view  not  only  can  they  be 
used  in  order  to  learn  a lot  more  about  the  basic  genetics,  the  mode  of 
action  of  the  genes  that  are  our  business — this  is  very  important--but  we 
naturally  think  also  in  terms  of  using  these  techniques:  Can  these  tech- 

niques be  used  to  develop  new  varieties  which  can  be  released?  Now,  this 
subject  has  just  been  discussed,  and  it  is  quite  clear  in  the  Guidelines 
that  the  answer,  by  and  large,  is  no,  with  rare  exceptions. 

A question  that  I think  any  plant  breeder  would  ask  is  will  this  res- 
ponse be  true  for  the  foreseeable  future,  for  all  time  to  come,  whatever  that 
may  mean.  If  it  means  that  almost  never  can  the  products  of  this  work  be 
released,  this  means  that  plant  breeders  will  have  very  little  interest  in  it. 
My  particular  company  releases  each  year  about  five  to  ten  new  varieties  of 
hybrid  corn,  two  or  three  new  soybean  varieties,  and  so  on,  going  down 
through  the  six  crops  we  work  with.  Now,  this  is  on  a scale  that  is  much 
greater  than  is  contemplated  by  the  rules  as  I read  them.  I am  not  saying 
that  they  should  not  be  that  way,  but  I am  saying  that  the  way  these  rules 
turn  out  will  have  a great  deal  to  do  with  the  way  we  look  at  some  uses  of 
this  technique. 

DR.  FREDRICKSON:  Dr.  Duvick,  I am  going  to  ask  you  a very  naive  ques- 

tion. What  is  the  difference  between  conventional  plant  breeding  of  the  Luther 
Burbank  school,  and  the  use  of  recombinant  DNA  as  you  see  it  for  this  same 
purpose? 

DR.  DUVICK:  Okay,  using  recombinant  DNA  in  the  sense  that  it  is  talked 

about  today,  conventional  plant  breeding  mixes  up  whole  chromosomes,  or  at 
the  most,  portions  of  chromosomes.  We  don't  know  much  about  gene  organiza- 
tion in  higher  plants,  but  there  must  be  a fairly  important  reason  for  keep- 
ing these  pieces  of  DNA  in  the  orderly  way  that  we  find  them.  What  I am 
saying  is  that  we  probably  deal  with  blocks  of  genes  that  are  together,  be- 
cause they  make  the  plants  operate  in  a fairly  orderly  way.  We  don't  mix 
these  up  a great  deal.  We  mix  them  up  as  much  as  we  can,  but  it  really  isn't 
very  much,  except  on  a long-term  scale. 
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On  the  other  hand,  from  what  I understand  about  the  techniques  we  are 
discussing  today,  we  deal  with  very  small  portions  and  can  put  them  together 
not  exactly  in  a random  fashion,  but  at  least  in  very  unusual  ways,  mix 
things  up  in  a way  that  typically  wouldn't  happen.  We  might  come  up  with 
some  unusual  things.  We  more  likely  would  come  up  with  things  that  wouldn't 
work  at  all.  A very  high  level  of  expertise,  I think,  is  going  to  be  needed 
to  use  these  techniques  in  what  I would  call  a useful  way,  much  less  of 
course,  not  to  speak  of  a safe  way. 

DR.  FREDRICKSON:  Dr.  Zaitlin,  could  you  help  us  there?  What  is  the 

novel  recombinant  technique  with  regard  to  plants?  Make  that  distinction 
just  a little  sharper,  if  you  can,  recombinant  versus  conventional. 

DR.  ZAITLIN:  With  respect  to,  you  mean,  taking  the  DNA  from  one  orga- 

nism and  putting  it  into  another?  Is  that  what  you  want  me  to  respond  to? 

DR.  FREDRICKSON:  What  you  were  saying  was  that  using  DNA  from  a variety 

of  organisms,  bacteria  and  so  forth,  is  really  what  we  are  primarily  talking 
about  here. 

DR.  ZAITLIN:  I don't  think  at  this  stage  that  that  sort  of  thing  is 

visualized.  I think  we  are  talking  about  making  plant  products  in  one  plant 
active  in  another,  or  functional  in  another. 

DR.  FREDRICKSON:  I just  want  to  try  to  get  some  ground  for  the  Commit- 

tee to  develop  its  own  questions  and  comments. 

Dr.  Sinsheimer. 

DR.  SINSHEIMER:  Following  up  what  you  were  saying,  one  could  conceive, 

I suppose,  of  trying  to  use  plants  as  biochemical  factories  instead  of  E . 
col i . The  gene  for  insulin  that  everybody  talks  about  into  a plant  as  well 
as  E . col i , and  I don't  know  how  that  would  compare  economically,  but  I just 
wondered  if  Dr.  Zaitlin  had  any  comments  on  that  kind  of  thing,  or  are  you 
only  thinking  of  exchanging  of  genes  between  plants? 

MR.  HUTT:  Siphon  off  insulin  like  maple  syrup. 

DR.  ZAITLIN:  I know  people  who  make  these  sorts  of  judgments  are  prob- 

ably one  order  of  magnitude  removed  from  the  people  who  are  now  doing  the 
work,  just  trying  to  see  whether  or  not  it  is  feasible  to  introduce  foreign 
DNA  into  the  genome  of  a plant,  and  what  would  be  proposed  in  the  future,  I 
think,  is  a scenario  that  we  can't  paint  at  the  moment. 

DR.  FREDRICKSON:  Now,  Agrobacterium  tumefaciens  is  a microorganism. 

It  has  one  of  the  few  plasmids  of  microorganisms  that  go  into  plants.  Maybe 
it  has  the  only  one.  Is  that  so? 

DR.  CHILTON:  Yes,  so  far  as  we  are  aware  of  at  this  point. 
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DR.  FREDRICKSON:  As  far  as  we  are  aware  of,  you  discovered  it.  The  Ti 

plasmid,  then,  is  the  only  microorganism  plasmid  to  go  into  plant  cells  at 
this  time. 

DR.  CHILTON:  Yes. 

DR.  FREDRICKSON:  And  there  is  a tremendous  amount  of  comment  that  you 
have  probably  seen  in  the  Orange  Book  about  that.  Some  of  it,  I guess,  you 
have  generated.  Perhaps  you  can  tell  us  about  that  in  a moment.  But  Dr. 
Neel  I think  had  a question. 

DR.  NEEL:  A comment.  In  a sense,  don't  we  have  intellectual  parallel- 
ism to  a shotgun  experiment  with  plants?  We  assume  that  there  are  two  spe- 
cies that  you  can't  cross,  but  you  think  there  is  something  desirable  in  the 
one  species  that  isn't  in  the  other,  and  you  have  to  get  a virus  vector  that 
will  give  you  the  shotgun,  and  then  you  stake  out  all  your  little  plants. 

You  look  them  over  and  choose  what  you  want. 

Now,  in  a sense  radiation  has  been  used  in  a shotgun  fashion,  which  in- 
volved disseminated  changes  in  the  genetic  material,  sowed  the  field,  and 
hoped  for  something  that  would  improve  the  plant.  So  there  is  a sort  of  an 
intellectual  precedent  here,  it  seems  to  me,  in  the  plant  improvement  pro- 
grams . 

DR.  DUVICK:  I think  that  is  right.  The  main  difference  there  might  be 

is  that  conceptually  we  could  make  much  wider  crosses  with  these  new  tech- 
niques than  even  using  radiation  here.  They  must  be  related  taxonomically , 
at  least  on  the  generic  level,  and  occasionally  on  the  family  level. 

DR.  ZAITLIN:  With  respect  to  your  comment  before,  Dr.  Fredrickson,  in 
terms  of  plant  viruses  we  have  no  evidence  that  these  viruses  become  inte- 
grated into  the  genome  of  their  host.  I should  preface  my  remarks,  however, 
by  saying  that  they  really  haven't  been  looked  for  too  stringently.  In  the 
case  of  RNA  plant  viruses,  there  have  been  some  experiments  which  suggested 
there  is  no  insertion  or  there  are  no  sequences  which  are  complementary  to 
the  RNA  plant  virus  in  the  genome  of  its  host. 

DR.  FREDRICKSON:  You  are  coming  up  a little  later,  Dr.  Szybalski,  can 

you  wait? 

Dr.  DeRoos . 

DR.  DE  ROOS:  I was  reading  in  these  comments  here  the  letter  from  Dr. 

Albersheim — 

DR.  FREDRICKSON:  In  the  Orange  Book  of  comments,  from  Dr.  Albersheim. 

Yes  . 

DR.  DE  ROOS:  The  comment  about  the  Guidelines  being  less  restrictive 
for  plants,  plant  viruses  in  particular,  than  for  example  animal  viruses, 
and  we  should  be  more  concerned  about  plant  viruses,  particularly  since 
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there  can  be  some  rather  drastic  kinds  of  reactions  within  our  environment. 

I am  just  wondering,  what  is  the  justification  for  having  these  less  restric- 
tive than  the  other  ones. 

DR.  ZAITLIN:  I would  disagree  that  they  are  less  restrictive. 

DR.  DE  ROOS:  Okay,  that  is  what  I was  wondering.  It  didn't  look  to  me 

like  they  were  in  here. 

DR.  ZAITLIN:  They  talk  about  confining  them  to  a P3  type  of  greenhouse. 

I don't  even  know  whether  such  a greenhouse  exists  in  this  country;  there 
may  not  be.  So  I don't  think  that  at  this  stage  those  experiments  could 
even  be  performed. 

DR.  DE  ROOS:  So  it  is  your  conclusion  that  they  aren't  really  less  re- 

strictive, as  was  the  conclusion  that  was  drawn  in  this  letter? 

DR.  ZAITLIN:  Actually,  there  are  a number  of  other  things  in  that  let- 

ter which  I would  not  agree  with,  particularly  that  case  about  the  fungi  and 
so  forth.  It  has  been  shown  that  the  controls  do  it  too.  It  was  reported 
in  Sc ience . 

MR.  HUTT:  Isn't  it  animal  virus  PA  and  this  is  P3? 


DR.  ZAITLIN:  Well,  this  is  P3,  right,  and  it  depends  on  whether  or  not 

you  can  confine  the  whole  plant.  There  are  some  circumstances  in  which  it 
even  suggests  perhaps  PA,  some  experiments. 


MR.  HUTT:  Can  we  have  some  clarification  as  to  whether  it  is  or  is  not 

more  restrictive? 


DR.  FREDRICKSON:  I think  we  will  have  to  ask  a third  plant  molecular 
biologist,  or  at  least  a second  one.  Dr.  Chilton,  what  do  you  think? 


DR.  CHILTON:  As  I read  it,  isn't  the  cloning  of  plant  viruses  P2+EK2? 


DR.  ZAITLIN:  No,  it  depends  on  whether  or  not  you  use  the  DNA  of  an  un- 
modified plant  virus,  and  then  it  is  P3.  But  there  are  some  qualifiers  too, 
where  in  some  circumstances  it  is  PA. 


DR.  FREDRICKSON:  Are  there  any  other  questions  or  comments? 

MR.  HUTT:  I have  major  questions  if  we  can't  even  get  agreement  as  to 

what  the  requirements  are.  We  need  some  clarity. 


DR.  FREDRICKSON:  Perhaps,  Dr.  Chilton,  you  want  to  examine  what  was 

just  handed  to  you. 


MR.  HUTT:  It  should  be  right  in  the  Guidelines. 

DR.  ZAITLIN:  It  is. 
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DR.  FREDRICKSON:  Dr.  Zaitlin  said  it  is.  Perhaps  you  could  point  it 

out  to  us,  Dr.  Zaitlin. 

DR.  ZAITLIN:  Well,  unfortunately  I don't  have  the  Federal  Register  ver- 

sion. It  says  the  experiment  shall  be  carried  out  under  P3  conditions  if 
the  source  of  the  inserted  DNA  is  not  itself  a pathogen  or  known  to  carry 
such  pathogenic  agents,  or  to  produce  harmful  products.  And  under  P4  condi- 
tions if  these  conditions  are  not  met.  That  is  the  statement  to  which  I was 
referring.  That  is  on  page  49603. 

DR.  FREDRICKSON:  Page  49603,  column  three. 

Perhaps  we  will  pass  that  point  and  let  Drs.  Chilton  and  Zaitlin  con- 
sult . 


Are  there  any  other  comments  or  questions  at  this  point? 

MR.  HUTT : Could  we  hear  what  the  situation  is  in  Europe?  We  heard  a 

brief  description  of  the  relative  degree  of  restriction  in  the  animal  area. 
Could  we  have  a brief  description  of  the  relative  regulatory  or  guideline 
situation  with  respect  to  plants? 

DR.  FREDRICKSON:  Dr.  Tooze,  can  you  tell  us  about  plants  in  Europe? 

DR.  TOOZE:  There  was  some  gagging  from  the  back  corner.  I don't  think 

they  want  to  hear  any  more  about  Europe. 

DR.  FREDRICKSON:  John,  stand  up  so  we  can  be  sure  we  record  you. 

DR.  TOOZE:  I think  that  the  basic  categorization  in  Europe  is  P2+EK1 

for  plant  work. 

MR.  HUTT:  All  plant  work,  virus  and  nonvirus? 

DR.  TOOZE:  When  I spoke  about  viruses  earlier  it  was  my  personal  opin- 

ion that  all  viruses  are  neglected,  and  probably  plant  viruses,  since  plants 
are  usually  more  neglected  than  everything  else;  then  plant  viruses  would 
have  been  super  neglected  in  the  Guidelines  as  they  exist.  And  certainly 
if  we  were  to  try  and  thresh  out  some  international  categorization  with  vi- 
ruses I would  mean  plant  viruses  as  well,  because  clearly  the  committees  that 
have  drawn  up  these  guidelines  have  not,  in  my  opinion,  considered  any  of  the 
viruses,  including  plant  viruses,  to  the  extent  that  they  have  considered  pro- 
karyotes, eukaryotes  and  so  on  and  so  forth. 

MR.  HUTT:  Is  there  any  significant  amount  of  plant  work  going  on  in 

Europe? 

DR.  TOOZE:  Well,  there  are  two  groups.  There  is  one  in  Ghent  and  one 

in  Leiden  who  are  working  on  tumefaciens,  the  same  as  the  lady  from  Washing- 
ton. There  are  others  working  in  other  areas,  about  the  same  level  as  here. 
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DR.  FREDRICKSON:  Dr.  Chilton,  you  have  no  more  comments  here? 

DR.  CHILTON:  Well,  I did  have  one  comment. 

DR.  FREDRICKSON:  Would  you  stand  up,  please,  at  the  podium? 

DR.  CHILTON:  As  I read  this  it  says  that  the  cloning  of  plant  viruses 

is  P3+EKI  or  P2+EK2  at  the  investigator's  choice,  as  I understand  it. 

DR.  MOLINA:  There  is  also  a matter  in  this  orange  set  of  documents,  I 

guess.  It  is  document  28,  which  I believe  raises  the  same  question.  A less 
liberal  interpretation  leads  you  to  a different  understanding  of  what  is 
meant.  So  I think  that  needs  some  sort  of  clarification. 

DR.  FREDRICKSON:  It  is  clear  that  it  does  need  clarification.  We  will 

have  to  consult  further  with  the  Committee  and  with  other  outside  experts. 

We  have  had  a small  subgroup  which  contains  ad  hoc  additions  to  it  with- 
in the  Recombinant  Advisory  Committee  from  time  to  time  on  plants.  We  have 
the  National  Science  Foundation  and  the  Department  of  Agriculture  who  had  a 
recent  meeting  and  made  recommendations  directly  to  the  RAC  so  that  there 
certainly  is  less  activity,  less  certainty  in  many  of  our  minds  about  these 
guidelines  for  plants.  But  we  are  attempting  to  mobilize  the  maximum  of  ex- 
pertise, and  to  move  cautiously,  as  always,  but  forward  in  developing  these 
systems  for  plants  as  well  as  for  animals.  But  I agree  with  you  that  the 
comments  leave  uncertainties,  that  to  a certain  extent  I think  suffer  from 
Dr.  Day's  sudden  illness,  because  he  was  prepared.  We  had  him  primed  to  take 
up  a number  of  these  particular  issues.  It  wouldn't  be  fair  to  expect  Dr. 
Zaitlin  to  have  picked  that  up  so  rapidly. 

Dr.  Vidaver. 

DR.  VIDAVER:  You  have  indicated  that  the  CDC  classification  is  in  con- 

sideration of  being  revised,  and  I wonder  if  some  of  the  questions  that  might 
arise  with  plant  microorganisms  might  be  clarified  by  making  a provision  for 
including  representation  in  whatever  avenue  is  appropriate  for  this  revision. 

DR.  FREDRICKSON:  Yes,  I think  that  is  a splendid  suggestion,  and  it  is 

entirely  possible. 

Let  us  go  on,  then.  We  have  a few  more  invited  witnesses,  two  more, 
actually,  and  then  some  public  witnesses  on  this  subject. 

Dr.  Bock.  You  were  scheduled.  Did  you  wish  to  present  at  this  time  on 
experimental  guidelines? 

DR.  BOCK:  I had  a number  of  comments  conveyed  to  me  by  scientists  who 

were  concerned  that  the  thinking  in  the  Guidelines  concerning  plants  were  at 
an  early  stage  of  development,  and  needed  input  from  plant  scientists  so  that 
one  could  see  the  range  of  experiments  between  symbionts  and  plants,  plant 
cells  in  culture,  which  can  now  be  handled  in  culture  and  cultivated 
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so  that  they  do  grow  to  flowering,  seed-producing  whole  plants  from  a single 
cell  stage  in  a number  of  plant  species.  But  the  input  I had  from  the  scien- 
tists I have  talked  to  is  that  this  is  at  an  early  stage  of  development,  per- 
haps where  the  coli  cloning  of  prokaryotic  and  also  animal  cells  was  one  to 
two  years  ago,  and  it  should  be  considered  as  likely  to  change  very  substan- 
tially. 

I would  like  to  comment  on  some  of  the  experimental  Guidelines,  that 
there  are  statements  about  the  responsibilities  of  the  institution  and  the 
committees  that  might  imply  that  a safety  officer  would  be  required  to  hold 
the  M.D.  in  order  to  carry  out  some  of  the  evaluation  of  medical  records. 

I would  hope  that  there  is  freedom  of  the  institutions  to  conduct  these  ac- 
tivities by  distributing  these  functions,  and  that  that  was  not  an  intention 
that  the  biological  safety  officer  would  be  required  to  be  an  M.D. 

DR.  FREDRICKSON:  That  discussion  will  be  tomorrow,  Dr.  Bock. 

DR.  BOCK:  That  will  be  tomorrow,  very  good. 

I think  that  is  really  all  the  comments  I had  at  this  point. 

DR.  FREDRICKSON:  Dr.  Chilton,  you  do  want  to  comment? 

DR.  CHILTON:  Yes. 

DR.  FREDRICKSON:  Please  do  so  now. 

DR.  CHILTON:  I would  like  to  address  some  remarks  to  the  containment 

level  that  is  ordered  for  the  cloning  of  plant  pathogenic  bacterial  DNA  in 
the  revised  Guidelines.  The  treatment,  it  seems  to  me,  is  not  a reasonable 
one.  The  containment  level  that  is  required  for  all  such  experiments,  re- 
gardless of  what  type  of  bacterial  pathogen  we  are  speaking  of,  is  P3+EK2, 
and  it  is  clear  that  plant  pathogens  are  not  all  of  equal  virulence  or  of 
equal  agronomic  significance,  so  it  seems  to  me  that  we  need  to  reconsider 
this . 


I would  support  strongly  the  classification  of  plant  pathogenic  bacteria 
which  was  recently  proposed  in  a letter  to  the  Director  by  four  plant  pathol- 
ogists, Drs.  Kado,  Panopoulos,  Shepherd,  and  Bruening.  These  four  experts 
recommended  no  higher  containment  than  P2+EK2  for  the  cloning  of  plant  path- 
ogenic bacteria,  and  they  suggested  that  it  should  be  taken  into  consideration 
where  the  cloning  experiment  is  being  done,  and  whether  the  pathogen  that  is 
being  treated  is  a significant  pathogen  in  that  geographical  location.  For 
example,  if  you  are  in  Alaska  and  you  are  cloning  a cotton  pathogen,  then 
obviously  the  risk  is  considerably  diminished  over  doing  the  same  experiments 
in  North  Carolina. 

So  I would  strongly  urge  that  we  adopt  the  recommendation  of  these  four 
experts.  They  suggest  a containment  level  of  no  higher  than  P2+EK2  for  all 
of  these  experiments — cloning  of  any  type  of  plant  pathogenic  bacterium. 
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Now,  as  far  as  L know,  in  a sense  this  is  a tempest  in  a teacup  oecause 
there  is  only  one  kind  of  plant  pathogen  whose  DNA  is  being  cloned  at  the 

moment  in  the  country,  and  it  is  only  going  on  in  three  labs,  one  of  which 

is  our  lab,  and  this  is  the  cloning  experiments  with  the  Agrobacterium  Ti 
plasmid  about  which  we  have  heard  a little  during  this  conference.  This 
experiment  was  explicitly  mentioned  in  the  previous  version  of  the  Guide- 
lines and  was  explicitly  designated  as  a P2+EK2  experiment.  Now,  suddenly 

in  the  middle  of  these  experiments,  I as  an  investigator  am  raced  with  the 

prospect  of  having  to  raise  the  level  of  containment  for  the  self-same  ex- 
periment. Last  week  it  was  P2+EK2,  and  next  week  it  will  be  P3+EK2.  I 
marvel  at  this.  I find  this  an  ironic  situation.  It  seems  that  these  clon- 
ing experiments  are  the  only  ones  whose  level  of  containment  has  been  eleva- 
ted by  the  revised  Guidelines.  It  seems  as  if  we  are  talking  out  of  both 
sides  of  our  face  in  a way,  because  the  very  same  agent,  the  Agrobacterium 
Ti  plasmid  has  been  invoked  as  part  of  the  basis  for  the  diminishing  of  the 
levels  of  containment  of  other  experiments.  The  fact  that  the  Ti  plast.d 
seems  to  be  capable  of  a little  natural  genetic  engineering  on  its  own — I 
do  find  this  a rather  ironic  situation  to  face. 


If  I could  move  on  from  that  subject,  do  I have  a couple  of  more  minutes? 

DR.  FREDRICKSON:  Yes,  you  do,  and  may  I ask  you  whether  anybody  has  at- 

tempted to  delete  that  tumor-producing  gene  from  the  Ti  plasmid? 

DR.  CHILTON:  I believe  there  are  naturally  occurring  deletions,  yes,  we 

have  some . 


A second  point  that  I would  like  to  raise  about  the  experimental  Guide- 
lines that  troubles  me  is  the  edict  concerning  the  handling  of  naked  recombi- 
nant DNA.  The  Guidelines  dictate  that  the  naked  recombinant  DNA  should  be 
handled  with  "good  microbiological  techniques,  equivalent  to  those  in  a PI 
laboratory."  Now,  the  implication  is  that  novel  recombinant  DNA  which  comes 
out  of  a P4-containment  cloning  experiment  can  be  disinfected  and  poured  down 
the  sink.  And  for  example,  a method  of  disinfecting  would  be  to  mix  it  with 
a phenolic  agent.  That  is  a good  way  of  killing  bacteria.  This  sort  of  step 
is  commonly  used  in  the  isolation  of  pure  biologically  active  transforming 
DNA. 


Now,  it  seems  to  me  that  we  need  to  spell  out  exactly  what  we  mean  more 
carefully  than  it  is  stated  in  the  Guidelines.  The  procedures  that  are  re- 
commended in  the  Guidelines  seem  to  allow  a reasonable  possibility  of  escape 
of  novel  recombinant  DNA,  considering  the  fact  that  transformation  of  several 
species  of  bacteria  by  naked  DNA  can  occur  in  nature.  It  may  seem  unlikely, 
but  nevertheless  it  seems  to  me  that  this  sort  of  escape  route  is  a lot  more 
likely  than  the  conjugat ional  escape  of  10'  “ which  has  been  bandied  about 
and  has  been  a concern  of  other  speakers  here  today. 

So  until  we  have  data  available  which  assess  the  probability  of  escape 
down  the  sink  by  naked  transforming  DNA,  I think  that  it  would  be  wise  to 
be  careful  and  to  treat  the  recombinant  DNA  with  agents  that  are  known  to 
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remove  all  transforming  activity,  such  as  bleach  or  acid  or  perhaps  dry 
heating,  and  waste  materials  that  have  to  be  disposed  of  should  be  inciner- 
ated, waste  material  such  as  gels  or  plastic  equipment  that  is  thrown  away. 
Autoclaving  is  not  a satisfactory  method  of  getting  rid  of  transforming  DNA. 
In  the  slow  cooling  process,  in  the  cool  down  of  the  autoclave,  DNA  can  reas 
sociate  to  an  active  double-stranded  form.  Once  again,  that  is  a classic 
experiment  that  was  done  on  a bacterial  transformation  system. 

That  is  all. 

DR.  FREDRICKSON:  What  about  DNAase?  Isn't  that  the  best  of  all? 

DR.  CHILTON:  It  is  expensive,  though,  but  yes. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Can  I just  make  sure  that  you  are  not  suggesting  that  it  not 

be  done  at  PI,  you  are  simply  suggesting  that  the  Guidelines  be  a good  deal 
more  explicit  about  what  can  and  can't  be  used  in  order  to  de-activate  it, 
or  whatever? 

DR.  CHILTON:  That  is  correct,  yes. 

MR.  HUTT:  All  right. 

DR.  FREDRICKSON:  That  is  correct.  It  was  intended  not  to  require  the 

PI,  but  there  would  be  a similar  inactivation,  and  it  was  felt  not  necessary 
to  spell  it  out  precisely  in  the  Guidelines  as  to  what  you  would  use. 

Dr.  Zaitlin. 

DR.  ZAITLIN:  I am  not  sure  I know  why  the  containment  level  was  raised 

but  I think  one  of  the  problems  here  was  that  plant  pathogens  were  sort  of 
caught  up  in  a general  discussion  where  they  were  classified  as  Class  2 
agents  on  the  basis  of  hazard,  and  really  we  had  no  rational  basis  for  decid 
ing  this.  In  the  same  letter  to  which  you  refer  these  four  gentlemen  have 
suggested,  at  least  for  plant  pathogenic  bacteria,  that  we  can  put  them 
into  three  categories.  I think  for  the  future,  if  it  can  be  done  at  all, 
and  I am  not  sure  that  this  is  so,  we  might  try  to  assess  the  hazards  of 
plant  pathogens  including  fungi  and  viruses. 

DR.  FREDRICKSON:  We  will  circulate  the  letters  which  have  just  been 

referred  to.  They  came  in  only  yesterday,  and  I haven't  seen  them  either, 
but  we  will  try  to  get  copies  to  you  tomorrow. 

DR.  CHILTON:  It  strikes  me  that  really  there  is  such  a small  number  of 

experiments  of  this  type  going  on,  that  the  most  reasonable  way  to  proceed 
at  this  point  might  be  to  do  it  on  a case  by  case  basis,  and  in  that  case  it 
would  be  very  nice  if  it  were  explicitly  mentioned  in  the  new  Guidelines 
what  the  containment  level  appropriate  for  cloning  the  Agrobacterium  Ti 
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plasmid  is;  and  if  we  explicitly  intend  that  to  be  elevated,  let  us  have 
that  on  paper,  all  right? 

DR.  FREDRICKSON:  Dr.  Gottesman. 

DR.  GOTTESMAN:  Maybe  it  is  worth  pointing  out  that  I think  the  reason 
this  category  ends  up  looking  like  it  is  raised  is  that  it  falls  in  a crack 
in  the  revision.  That  is,  in  the  old  Guidelines  it  is  an  exchanger  under 
the  pathogenic  label,  and  therefore  it  is  P2+EK2,  but  since  we  are  proposing 
a new  definition  in  which  non-novel  DNA  is  not  covered  at  all,  we  have  elim- 
inated that  whole  set  of  things,  all  the  exchangers,  and  now  we  are  dealing 
with  nonexchangers  which  started  off  at  a high  level,  and  things  which  might 
not  fall  on  the  list  of  non-novel  automatically  now  become  nonexchangers.  I 
am  not  sure  that  was  our  intention. 

DR.  CHILTON:  I certainly  agree  that  we  fell  in  a crack,  and  it  is  a 

pretty  uncomfortable  crack,  because  we  are  somewhere  between  being  complete- 
ly outside  the  Guidelines  on  the  benchtop,  or  being  P3+EK2,  and  I find  this 
a ludicrous  situation.  I think  we  belong  in  P2+EK2,  or  possibly  P2+EK1. 

That  is  my  feeling  about  this.  I feel  that  the  containment  should  not  be 
raised  for  the  experiment;  I see  no  justification  for  it. 

DR.  FREDRICKSON:  We  do  get  your  point. 

(Laughter . ) 

I didn't  mean  to  be  facetious,  because  I was  about  to  ask  Dr.  Gottesman 
about  this.  I knew  that  she  was  herself  somewhere  at  the  interface  on  this 
question . 

Dr . Rowe . 

DR.  ROWE:  Just  back  to  the  question  of  the  DNA  handling,  certainly  the 

intent  here  was  not  to  use  phenol.  When  we  used  the  word  inactivated,  it 
means  breaking  covalent  bonds  in  the  DNA.  We  probably  should  sharpen  up 
those  words. 

The  other  thing  is  I am  not  sure  you  are  correct  about  the  autoclaving. 

I know  Paul  Berg  reported  data  with  SV40  that  autoclaving  labeled  SV40  DNA 
broke  it  into  very  small  nucleotides. 

DR.  CHILTON:  I believe  there  was  an  experiment  with  bacillus  transform- 

ing DNA  a long  time  ago  that  showed  that  it  did  survive. 

DR.  FREDRICKSON:  We  have  one  more  invited  witness  on  this  section,  Dr. 

Bernard  Davis.  Dr.  Davis,  are  you  still  here  and  interested  in  speaking? 

SPEAKER:  He  is  on  the  telephone. 

DR.  FREDRICKSON:  He  is  on  the  telephone,  well — 
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MR.  DACH:  I hate  to  say  this,  but  there  are  going  to  be  two  more. 

DR.  FREDRICKSON:  All  right,  fine.  Mr.  Dach. 

MR.  DACH:  I would  first  like  to  make  some  general  comments  that  might 

underlie  the  more  specific  ones.  First,  I was  just  interested  in  the  com- 
plaint that  there  weren't  enough  virologists  on  the  Advisory  Committee.  I 
think  that  is  a very  valid  complaint.  At  the  same  time  I think  we  can  get 
an  understanding  of  how  the  people  classified  as  public  representatives  feel. 
There  are  a lot  more  people  out  there  than  there  are  virologists,  and  there 
aren't  very  many  of  us  on  the  Committee  either.  We  would  like  to  see  more 
of  our  viewpoint  represented  on  that  Committee. 

Also,  I think  I agree  that  the  discussion  before  about  needing  to  bring 
out  the  range  of  scientific  opinion  on  all  of  these  matters  is  very  crucial. 

I think,  as  Dr.  Walters  might  be  able  to  tell  us  and  what  we  learn  from  medi- 
cal ethics,  that  there  really  is  no  such  thing  as  pure  science,  and  it  does 
us  no  good  to  sort  of  ask  what  is  the  scientific  opinion  here,  and  then  let 
us  overlay  politics  or  something  else  on  top.  It  is  clear  that  values  affect 
your  interpretation  of  scientific  information,  and  that  should  be  made  ex- 
plicit rather  than  trying  to  be  buried  under  the  table. 

Also,  the  discussion  of  politics  affecting  the  way  things  were  classi- 
fied, I guess  the  environmental  groups  were  put  over  on  the  side  that  might 
have  required  that  kind  of  thing.  I don't  think  we  ever  try  to  get  such 

specific  things  as  viruses  put  on  or  made  overly  restrictive,  or  work  on 

viruses  made  overly  restrictive.  I think  the  question  is  one  really  of 
trust,  that  if  the  people  making  these  recommendations,  and  if  the  advisory 
board  making  the  recommendations,  were  one  that  had  more  public  representa- 
tion on  it,  that  they  were  not  really  made  by  scientists  who  do  have  vested 
interests  in  their  research  continuing,  there  would  be  much  more  likelihood 
of  the  public  accepting  their  scientific  judgments.  If  Dr.  Ahmed  was  on  that 
Committee  and  he  came  in  and  he  told  me  that  he  felt  that  these  certain 
classes  of  Guidelines  were  appropriate,  I would  feel  much  more  comfortable 
with  accepting  that  than  I would  some  of  the  other  members  of  the  Committee. 

I suggest  a way  to  handle  that  issue  is  to  put  a wider  representation  on 

the  Committee.  If  people  trust  that  Committee  more,  they  are  likely  to 

trust  what  it  says. 

Then  another  general  question  I had  is  I really,  as  I say,  don't  under- 
stand why  certain  experiments  are  slotted  where  they  are  in  a very  general 
way.  Why  is  something  P2  versus  P3 , or  why  is  something  EKl  versus  EK2? 

Is  it  a gut  feeling  that  something  is  sort  of  dangerous,  and  something  else 
is  more  than  sort  of  dangerous?  I would  like  to  see  that  clarified  in  more 
detail. 

I would  like  to  turn  for  a second  to  the  problem  of  the  exemptions  from 
the  experiments  which  are  prohibited.  It  is  mentioned  specifically  that 
that  kind  of  consideration  of  exemptions  in  terms  of  the  deliberate  release 
into  the  environment  will  necessarily  take  into  account  societal  benefits 
and  perceived  risks.  I think  that  is  a very  strong  argument  for  increasing 
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the  public  and  society  representation  on  the  Committee.  I think  it  is  just 
unreasonable  to  expect  those  kinds  of  considerations  to  be  dealt  with  by  a 
purely  scientific  committee,  or  a committee  with  two  out  of  fifteen  public 
represent  at ives . 

The  exemption  to  the  large-volume  prohibition,  I agree  that  in  the  long 
run  that  will  probably  have  to  come  about,  but  it  seems  that  before  specific 
exemptions  are  given,  there  should  be  developed  objective  criteria  for  deter- 
mining the  effectiveness  of  containment  techniques  for  those  kinds  of  exper- 
iments. That  is  completely  left  out  of  the  Guidelines.  We  don't  know  on 
what  basis  the  Committee  might  or  might  not  make  that  kind  of  determination. 
Really,  the  same  thing  is  true  for  the  exceptions  to  experiments  for  deliber- 
ate release.  We  just  have  no  idea  why  or  why  not  those  might  be  made,  and  I 
think  criteria  for  that  should  be  earmarked  before  the  Committee  can  go 
ahead  and  make  those  decisions. 

I suppose  my  comments  on  the  makeup  of  the  Committee  should  wait  until 
tomorrow. 

The  other  just  small,  specific  thing  is  the  lowering  of  the  character- 
ized clones  by  the  biohazards  committee.  I don't  know  about  the  safety  or 
hazard  necessarily  involved  in  that,  but  I do  have  a feeling  that  those  bio- 
hazards committees  are  not  trustable,  that  we  cannot  trust  them  to  go  in  and 
to  look  at  the  necessary  information  that  has  to  be  looked  at.  I think  the 
information  that  might  be  coming  out  about  the  Harvard  Biohazard  Committee 
that  certainly  came  out  about  the  UCSF  Biohazard  Committee  shows  us  that  now 
we  have  no  effective  monitoring  of  that  committee,  and  until  we  can  have 
some  assurance  of  the  kind  of  work  they  do,  they  should  be,  unfortunately, 
entrusted  with  as  little  particular  responsibility,  even  though  in  the  long 
run  I think  they  are  an  integral  part  of  the  Guidelines,  and  we  should  figure 
out  ways,  and  I will  talk  about  this  specifically  tomorrow,  that  their  func- 
tion can  be  strengthened  and  their  ability  to  carry  on  that  function  strength- 
ened in  such  a way  that  they  do  perform  an*integral  role  in  these  Guidelines. 

DR.  FREDRICKSON:  Any  comments  or  questions? 

Mr.  Helms. 

MR.  HELMS:  Do  you  have  something  specific  for  the  record?  I have 

heard  a good  deal  about  the  Boyer  laboratory  out  in  California,  and  the 
analysis  I got  differs  from  the  analysis  that  you  have  obviously  gotten. 

And  as  far  as  what  went  on  at  Harvard,  I know  nothing  about  that  and  I would 
like  to  know  a little  bit  more  about  it,  because  the  biohazards  committees 
that  I am  familiar  with  in  New  Jersey  take  their  responsibilities  extremely 
seriously,  almost  painfully  seriously.  If  they  could  get  the  hours  back 
that  they  have  to  spend  on  these  problems  and  spend  it  in  their  labs  they 
would  be  very  grateful.  So  I would  like  some  specific  documentation  that 
we  could  get  our  hands  on,  if  you  please. 

DR.  FREDRICKSON:  I will  provide  you  with  some  information  a little  bit 

later,  Mr.  Helms,  in  reference  to  the  Harvard  situation,  but  Mr.  Dach , I 
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have  to  tell  you  that  you  are  wanted  on  the  phone  by  the  Harvard  Crimson. 

(Laughter . ) 

And  we  will  wait  until  tomorrow  for  the  broader  answer  to  the  activi- 
ties of  the  Biohazards  Committee  at  Harvard. 

Dr.  Sinsheimer. 

DR.  SINSHEIMER:  I don't  know  if  this  is  the  right  time  for  it,  but  I 

have  a similar  concern  about  the  delegation  to  the  institutional  biohazards 
committees  with  the  authority  to  increase  the  classification.  Further,  it 
wasn't  clear  to  me,  if  it  were  decreased  at  institution  A could  it  then  be 
sent  to  institution  B at  the  decreased  classification,  or  is  it  only  valid 
for  that  institution? 

DR.  FREDRICKSON:  Is  there  a member  of  the  RAC  who  would  like  to  com- 

ment on  this?  Dr.  Gottesman? 

DR.  GOTTESMAN:  In  terms  of  sending  it  from  one  institution  to  another 

after  it  is  declassified,  we  certainly  haven't  discussed  that  in  specific 
terms . 

DR.  SINSHEIMER:  Well,  you  can  see  the  concern  that  it  would  lead  to 

the  fact  that  the  most  lax  institution  really  would  become  the  standard- 
setter. 

DR.  GOTTESMAN:  Well,  presumably,  though,  it  would  have  to  be  declassi- 

fied by  the  biohazard  committee  where  the  work  was  being  done.  I don't  know. 
The  reason  for  putting  this  in  was,  to  some  extent,  to  make  it  somewhat  easier 
to  take  the  first  step  in  lowering,  and  yet  not  lower  things  further  without 
an  extremely  careful  look.  And  it  was  also  based  on  our  impression,  I think, 
that  the  local  biohazards  committees  that  we  are  hearing  about  were  doing  a 
fairly  careful  job  of  looking  at  things  in  their  universities. 

The  way  the  proposal  works,  everything  only  goes  down  one  step,  of  course, 
with  the  local  biohazard  committee  approval,  and  any  further  lowering  has  to 
come  to  the  Recombinant  Advisory  Committee.  So  we  are  never  talking  about  a 
leap,  say,  from  P4  down  to  really  low  containment. 

DR.  FREDRICKSON:  You  are  talking  about  page  49602,  column  two — for  the 

record . 

DR.  GOTTESMAN:  Should  I review  quickly  what  that  is  all  about?  I mean, 

it  hasn't  come  up  at  all. 

DR.  FREDRICKSON:  Well,  it  has  to  do  with  the  purified  DNA  and  lowering 

the  containment  level  by  the  institutional  biohazard  committee. 

DR.  GOTTESMAN:  If  I could  review  for  one  second  what  the  situation  was 

in  the  old  Guidelines,  because  I don't  think  that  is  entirely  clear. 
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DR.  FREDRICKSON:  Right. 

DR.  GOTTESMAN:  Before  DNA  which  was  99  percent  pure  could  be  worked 

with  at  a one-lower  level  than  was  set  for  shotgun  experiments — 

DR.  FREDRICKSON:  You  are  talking  about  the  old  1976  Guidelines  on  page 

27918? 

DR.  GOTTESMAN:  Yes.  Okay,  so  pure  DNA  was  in  the  1976  Guidelines, 

allowed  to  be  worked  with  at  a lower  level — although  it  was  never  entirely 
clear,  I think,  in  the  1976  Guidelines,  who  made  that  decision  that  the  DNA 
was  99  percent  pure  and  who  allowed  that  lower  containment  to  be  used.  I 
think  in  practice  it  has  been  a local  decision,  made  by  the  local  biohazard 
committee,  I guess,  in  most  cases. 

DR.  FREDRICKSON:  Yes,  it  was  a local  decision,  deliberately  so,  at 

that  time. 

DR.  GOTTESMAN:  Okay;  well,  this  one-step  lowering  for  purified  DNA 

which  has  been  characterized — that  rule  is  now  also  to  be  applied  to  purified 
clones,  which  of  course  are  more  than  99  percent  pure,  as  well  as  chemically 
purified  DNA.  I think  that  is  really  what  it  amounts  to,  and  then  any  further 
lowering  to  the  levels  that  were  allowed  in  the  current  Guidelines — that  is, 
P2+EK1  for  nonexchangers,  and  P1+EK1  for  exchangers  now--would  continue  to 
have  to  come  to  the  Recombinant  Advisory  Committee. 

In  addition,  there  has  been  a slight  change  in  that  we  haven't  mandated 
what  level  things  can  be  lowered  to  by  the  Recombinant  Advisory  Committee, 
so  in  some  cases  they  might  now  lower  it  all  the  way  to  P1+EK1,  for  instance. 

I don't  know  if  that  is  terribly  clear. 

DR.  FREDRICKSON:  I think  this  discussion  is  very  helpful  to  me.  It 

may  not  be  to  everyone  else,  because  we  are  aware  of  this  question.  Trying 
to  refer  all  these  things  centrally,  this  one  question  of  a step-down  deci- 
sion to  the  RAC  or  to  NIH  impresses  me  as  being  possibly  technically  impossi- 
ble. There  are  just  too  many  decisions.  But  we  would  certainly,  if  we  ves- 
ted that  authority  in  the  institutional  biohazards  committees,  want  to  have 
a notification  of  that  action  to  ORDA  so  that  we  are  constantly  maintaining 
a registry  of  where  we  are  in  regard  to  containment  on  these  experiments. 

MR.  DACH : I was  wondering  if  I could  get  an  answer  to  that  question 

about  why  the  experiments  were--how  the  demarcation  of  the  lines  were  be- 
tween the  different  physical — I mean,  if  that  can  be  answered  generally. 

DR.  FREDRICKSON:  I am  sorry,  would  you  repeat  the  question? 

MR.  DACH:  Maybe  it  is  a naive  question,  and  if  it  is  I won't  ask  it 
again.  I didn't  get  a conceptual  feeling,  and  maybe  I just  need  to  have  it 
explained  to  me  again,  for  how  finally  the  decision  was  made  to  slot,  let's 
say,  certain  plant  experiments  in  P3  versus  P2.  Was  that  based  on  specific 
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risk-assessment  data  or  risk-assessment  feelings  for  that  kind  of  an  experi- 
ment, or  is  it  based  more  on  a generalized  feeling?  Or  is  that  something 
that  has  to  be  answered  on  a case  by  case  basis?  Then  I don't  really  need 
an  answer. 

DR.  FREDRICKSON:  I think  the  decisions  will  probably  end  up  having  to 

be  done  very  much  on  a case  by  case  basis,  but  clearly  we  are  not  talking 
about  a generic  rule  behind  which  there  is  a vast  amount  of  experience.  I 
think  the  discussion  brought  that  out. 

Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  I think  that  you  won't  be  surprised  to  hear  from 

me  for  station  identification.  This  is  a further  instance  where  a single 
step  is  a single  step  is  a single  step.  It  says,  "may  give  approval  for  a 
single-step  reduction  in  physical  or  biological  containment,"  as  if  these 
were  equivalent  steps. 

DR.  FREDRICKSON:  Then  next  you  are  going  to  ask  if  that  is  an  ordinal 

or — 

PROFESSOR  ROSENBLITH:  That's  right,  and  it  turned  out  that  it  could  be 

taught  in  ten  minutes. 

(Laughter . ) 

DR.  FREDRICKSON:  Objection  recorded. 

Ms.  Pfund,  you  are  next,  please.  On  the  experimental  guidelines,  this 
section,  please. 

MS.  PFUND:  Right.  I would  just  like  to  second  what  Leslie  has  said  as 

far  as  the  experimental  guidelines  go.  And  also,  I share  the  concerns  of  both 
Leslie  and  Dr.  Sinsheimer  in  the  matter  of  permitting  the  institutional  bio- 
hazards committees  to  lower  containment  for  characterized  clones.  I think 
that  too  often  these  committees  fail  to  critically  investigate  either  the  data 
or  the  working  habits  of  the  investigator  in  question,  and  because  diversity 
of  representation  on  these  committees  is  not  required,  decisions  may  be  made 
without  paying  sufficient  attention  to  the  quality  or  scope  of  the  data  sub- 
mitted. For  these  reasons  I don't  approve  of  this  provision. 

However,  I think  it  could  be  resolved  by  strengthening  the  composition 
of  the  institutional  biohazards  committee,  and  also  by  strengthening  the  en- 
forcement procedure  and  provisions  of  these  Guidelines. 

Similarly,  with  the  exemption  section,  I have  concern  that  there  are  no 
provisions  in  the  Guidelines  for  adjusting  containment  to  the  increased  li- 
ter capacity  of  these  experiments.  I would  like  to  see  that  specified  some 
more.  Also,  I think  it  should  be  recognized  that,  as  Dr.  Duvick  and  some 
other  industrial  representatives  have  mentioned  in  the  past,  the  exemption 
from  the  ten-liter  limit  and  also  the  exemption  for  the  release  of  organisms 
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to  the  environment  is  perhaps  of  interest  to  people  in  industry,  so  I think 
the  Advisory  Committee,  in  granting  these  individual  requests  for  exemption 
is  going  far  beyond  the  case  in  question  to  paving  the  way  for  the  day  when 
there  will  be  industrial  exploitation  of  this  as  yet  immature  technique  or 
technology.  This  transfer  is  a critical  area  which  requires  a lot  of  study 
and  discussion  because  of  the  magnitude  and  the  scope  of  its  societal  and 
environmental  implications.  I think  the  advisory  committee  system  as  it 
presently  operates  is  perhaps  ill-equipped  to  make  these  decisions,  due  to 
its  domination  by  academic  researchers.  It  may  even  be  unprepared  to  ask 
all  of  the  right  questions. 

One  of  its  more  obvious  weaknesses  as  far  as  composition  of  the  Commit- 
tee goes,  is  lack  of  representation  by  relevant  labor  unions  or — I guess 
labor  unions  should  be  represented,  and  on  this  we  can  go  into  more  detail 
tomorrow  as  far  as  roles  and  responsibilities  of  the  Advisory  Committee  and 
the  biohazard  committees  are  concerned. 

Two  more  comments  regarding  the  discussion  that  took  place  earlier  this 
evening.  I think  that  the  representative  from  EMBO,  in  describing  the  pro- 
cedure used  for  the  British  experiments  with  the  animals,  in  which  he  said 
that  information  would  be  blocked  until  everything  is  accomplished,  he  said 
because  the  experiments  themselves  are  open  to  misrepresentation.  I think 
this  is  a key  point.  It  applies  to  our  situation  as  well,  because  while 
there  may  be  some  factual  data  base  here,  the  interpretations  you  make  from 
it  are  controversial,  and  they  are  open  to  interpretation  and  perhaps  mis- 
representation. So  I don't  think  we  can  rely  on  isolated  personal  opinions, 
even  from  very  prestigious  experts,  to  base  our  policy  on.  I think  we  have 
to  recognize  that  since  different  conclusions  can  be  drawn  from  the  same 
data,  that  we  have  to  make  an  aggressive  effort  to  expose  this  data  to  a 
wide  range  of  experts  and  the  public. 

Also,  what  Dr.  Rosenblith  mentioned  about  the  taxonomy  of  containment, 

I think  also  applies.  We  shouldn't  abuse  the  various  taxonomies  there  are. 
Also  I think  this  can  apply  to  the  Advisory  Committee  set-up,  because  where- 
as the  Advisory  Committee  may  be  named  the  same  in  Britain,  I think  it 
operates  a little  differently.  As  I understand,  perhaps  Susan  Wright  will 
comment  on  this,  the  Advisory  Committee  in  Britain  does  have  a representa- 
tive from  a relevant  labor  union,  and  this  represents  an  effort  to  incorpo- 
rate their  perspective  into  policy  decisions,  so  that  perhaps  we  should  be  a 
little  careful  in  comparing  the  British  system  with  the  American  one  as  far 
as  advisory  committees  go. 

DR.  FREDRICKSON:  Ms.  Pfund,  you  spoke  about  the  biohazards  committees. 

We  have,  I think,  three  members  of  institutional  biohazards  committees  here 
on  this  Committee.  Are  you  a member  of  one? 

MS.  PFUND:  I asked  to  be,  but  I was — 

DR.  FREDRICKSON:  Have  you  ever  attended  a meeting  of  one? 
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MS.  PFUND:  Oh,  yes.  Allen  Campbell  here  was  Che  chairman  of  the  bio- 

hazards committee  at  the  institution  I attended,  and  I have  talked  to  him 
several  times  about  this. 

DR.  FREDRICKSON:  You  talked  to  him. 

Mr.  Hutt. 


MR.  HUTT:  I have  one  question  in  the  nature  of  trying  to  understand 

your  point,  because  I simply  missed  the  point.  You  said  you  wanted  a pro- 
vision for  increasing  in  the  P level  under  circumstances?  I simply  didn't 
catch  it . 

MS.  PFUND:  I don't  think  I said  that  at  any  point. 

MR.  HUTT:  Maybe  it  wasn't  an  essential  point.  Let  me  go  on  to  one 

other  point.  I will  ask  you  privately  later,  because  I missed  one  of  the 
things  that  you  went  over  quickly. 

You  did  talk  about  concern  on  exempting  manufacture  of  large  quantities 
for  fear  that  this  would  lead  to  commercialization.  I have  proceeded  under 
my  legal  interpretation,  and  I would  like  to  know  whether  you  have  a different 
one,  that  when  that  occurs  there  are  at  least  three  and  probably  more  regula- 
tory statutes  that  begin  to  apply,  such  as  OSHA,  the  Toxic  Substances  Law,  the 
Clean  Air  and  Water  Acts,  the  Food  and  Drug  Act,  et  cetera.  And  that  these 
Guidelines  apply  only  to  research  qua  research.  The  moment  any  aspect  of 
commercialization  occurs,  it  is  blanketed  by  this  myriad  of  Federal  regulatory 
statutes  that  otherwise  exist.  Now,  if  your  understanding  is  different,  I 
would  appreciate  having  it. 

MS.  PFUND:  Well,  for  one  thing,  I think  there  is  an  element  of  contro- 

versy in  just  how  to  establish  the  right  mechanism  for  applying  these  agencies' 
regulations  to  private  industry  in  this  matter.  I think  that  has  come  up  in 
the  hearings  which  have  been  held  on  this  subject  in  the  Congress. 

MR.  HUTT:  Yes,  but  I am  talking  about  the  current  statutory  provisions 

automatically  apply  if,  for  example,  any  of  this  were  in  any  way  purposely 
applied  to  a human  being.  It  would  be  regarded  by  FDA  as  a drug  which  would 
be  impermissible  until  there  was  approval  by  the  Food  and  Drug  Administration 
to  do  it. 


MS.  PFUND:  Okay,  but  you  are  not  necessarily  applying  this  to  a human 

being  when  you  are  increasing  the  quantity  of  whatever  it  is  you  are  pro- 
duc ing . 


MR.  HUTT:  Yes, 
Toxic  Substances  Act 
tection  Agency  prior 


but  the  moment  you  get  to  commercialization,  under  the 
you  have  to  give  notification  to  the  Environmental  Pro- 
to actually  commercially  producing  it. 


My  question  is,  Is  my  understanding  of  those  provisions  incorrect? 
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DR.  FREDRICKSON:  I think  you  are  pursuing  a very  difficult  legal 

point . 


MR.  HUTT:  In  other  words,  are  you  worrying  about  a problem  that  is 

taken  care  of  under  other  statutes,  or  are  those  agencies  saying  they  aren't 
going  to  have  anything  to  do  with  commercialization  of  this,  which  I am  not 
aware  of. 

DR.  FREDRICKSON:  I think  that  is  really  too  difficult  for  us  to  pursue 

at  this  time. 

MR.  HUTT:  Okay,  but  I wanted  to  get  at  the  heart  of  the  problem. 

DR.  FREDRICKSON:  I understand. 

MR.  HUTT:  If  the  problem  is  that  we  have  got  to  energize  other  regu- 

latory agencies,  that  is  one  thing.  If  the  problem  is,  on  the  other  hand, 
that  you  are  just  worried  about  small  amounts  being  slightly  increased  for 
additional  research,  that  is  a different  question. 

MS.  PFUND:  I am  concerned  about  both  of  those  areas,  because,  as  I 

mentioned,  there  is  some  question  as  to  how  to  apply  the  regulations  of 
these  other  agencies  to  private  industry.  And  also,  since  there  is  no  law 
now  that  requires  private  industry  to  follow  any  guidelines,  we  are  relying 
on  trust  for  them. 


MR.  HUTT:  For  the  research,  yes.  But  again — 

MS.  PFUND:  Well,  the  research  is  in  the  private  sector  as  well. 


MR.  HUTT:  Yes,  but  your  point  was  the  increase  in  production  leading 

to  commercialization,  I thought.  Maybe  I misheard. 


MS.  PFUND:  It  is  not  an  immediate  step.  I am  just  saying  that  it  is 

the  start  of  creating  the  atmosphere  for  commercial  use  of  this  technique, 
and  that  is  something  that  will  require  a lot  more  discussion  on  how  to  apply 
these  precautions  for  safety  to  commercial  exploitation  of  the  technique. 


DR.  FREDRICKSON:  I think  it  will  require  much  more  discussion.  I 

agree  with  you;  it  is  a difficult  point. 


Dr.  Ahmed. 


DR.  AHMED:  Let  me 
here.  I think  what  you 
may  have  any  bearing  on 
trol  Act  you  know  there 
with  this  a little  bit, 


try  to  see  if  I can  respond  to  Peter  Hutt's  question 
are  concerned  about  is  how  the  other  Ftederal  statutes 
DNA  recombinant  work.  Under  the  Toxic  Substances  Con- 
is  a premarket  notification  procedure.  I am  familiar 
so  maybe  I will  just  address  this. 
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The  question  is  that  if  industry  would  like  to  start  commercializing 
it,  and  there  will  be  definitions  developed,  rules  and  regulations  by  EPA 
on  this,  the  question  is  they  have  to  provide  certain  premarket  tests — pro- 
tocols and  guidelines  will  be  also  provided  by  EPA.  Nothing  has  ever  been 
discussed,  as  far  as  I know,  in  the  Office  of  Toxic  Substances  in  the  EPA, 
as  far  as  I am  aware  of,  to  seriously  address  the  question  of  premarket 
testing  for  recombinant  DNA  work.  I mean,  I am  involved  in  that  process 
myself  as  an  outsider.  It  is  a very  important  question  you  raise  here. 

Then  the  other  question  you  raise  is  after  the  thing  gets  out  into  the 
environment,  when  does  the  Water  Act  come  into  play,  the  Clean  Air  Act,  the 
Hazardous  Substances  Act,  all  these  other  acts,  including  the  Food  and  Drug 
Act,  as  you  mentioned. 

DR.  FREDRICKSON:  These  matters  have  been  the  subject  of  considerable 

discussion  in  the  Interagency  Committee,  as  you  can  well  imagine,  where  all 
of  these  Federal  agencies  are  mingling. 

DR.  AHMED:  The  Interagency  Committee  could  perhaps  address  this. 

DR.  FREDRICKSON:  I wonder  if  I might  remind  the  Committee  that  we  have 

six  more  witnesses  scheduled. 

Dr.  Ginsberg. 

DR.  GINSBERG:  I wanted  to  pursue  something  that  you  brought  up,  and 

that  was  I was  concerned  about  the  general  statement  you  made  about  the  local 
biohazard — institutional  biohazards  committees  being  unable  to  judge  the 
quality  of  the  data.  Is  this  not  the  statement  you  made?  I was  wondering 
what  you  would  want  them  to  be  able  to  judge  better,  and  on  what  basis  you 
made  that  statement. 


MS.  PFUND:  Well,  for  one  thing,  some  of  the  weaknesses  of  the  function- 

ing of  the  institutional  biohazards  committees,  which  Leslie  has  mentioned, 
including  the  UCSF  experience  and  the  Harvard  experience,  just  decrease  my 
confidence  in  the  system  as  it  is  now  run.  And  since,  in  lowering  contain- 
ment, the  investigator — to  apply  for  a lower  containment  level — the  invest- 
igator has  to  show  that  he  has  characterized  his  clone  or  he  has  purified 
his  DNA.  That  implies  that  there  is  going  to  be  a standard  applied  to  his 
data,  and  someone  will  make  a judgment  as  to  where  the  cutoff  point  is.  I 
am  just  saying  that  perhaps  because  some  institutional  biohazards  committees 
do  have  a predominance  of  people  doing  the  research,  which  gives  them  a high 
level  of  expertise,  but  also  a special  interest  in  the  proceedings,  that  we 
need  to  expand  the  basis  of  decision-making  to  include  a broader  array  of, 
say,  workers  or  nonprofessional  lab  personnel. 

DR.  GINSBERG:  Would  this  give  the  Committee  a better  ability  to  judge 
the  quality  of  data?  I mean,  would  a union  representative  be  able  to  judge 
the  quality  of  recombinant  DNA  research  data? 
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MS.  PFUND:  Well,  I think  that  they  would  bring  different  perspective 

to  the  whole  issue. 

DR.  GINSBERG:  But  you  were  talking  about  essentially  scientific  judg- 

ment of  data.  That  is  the  issue,  I think,  that  you  were — improving  the 
ability  of  the  local  biohazards  committees. 

MS.  PFUND:  I think  there  are  other  issues.  I mean,  it  may  be  fine  if 

this  investigator  has  purified  the  DNA  or  whatever,  but  if  he  has  sloppy  work- 
ing techniques,  if  he  runs  a very  informal  lab  when  he  should  be  following 
strict  containment  rules,  then  I think  that  is  not  going  to  be  brought  up  by 
the  scientific  discussion. 

DR.  FREDRICKSON:  I think  we  will  move  to  the  next  witness.  Dr.  Bernard 

Davis,  do  you  still  wish  to  speak?  Five  minutes — 

DR.  DAVIS:  Less. 

DR.  FREDRICKSON:  Less,  very  good.  Then  we  will  move  to  the  public 

wi  tnesses . 

DR.  DAVIS.  I understand  you  called  on  me  earlier,  and  I am  sorry  I 
missed  part  of  Mr.  Dach ' s presentation,  who  spoke  when  I came  back  in,  be- 
cause he  raised  again  the  question  of  the  relation  between  science  and  pol- 
itics, and  I would  like  to  make  just  a few  remarks  on  this.  He  made  the 
statement  that,  in  effect,  there  is  no  such  thing  as  objectivity  in  science, 
it  is  an  illusion;  and  I suspect  that  many  people  in  this  room  think  that  is 
all  wrong,  and  many  people  in  this  room  think  that  is  absolutely  right.  And 
since  it  seems  to  play  such  a large  role  in  the  thinking  of  some  people  who 
are  very  much  concerned  about  the  issues  that  we  are  dealing  with  here,  it 
seems  to  me  worth  a little  bit  of  analysis. 

I would  say  that  it  is  wrong  and  pernicious,  and  the  reason  that  it  is 
wrong  is  very  simple;  it  is  based  on  a play  on  words.  It  is  based  on  a 
failure  to  recognize  that  the  word  "science"  has  several  different  meanings. 
Science  is  a body  of  knowledge.  The  word  "science"  is  used  to  refer  to  a 
methodology  used  to  find  that  knowledge,  and  the  word  "science"  is  used  to 
refer  to  a whole  set  of  activities  people  engage  in  in  employing  that  method- 
ology to  achieve  the  knowledge. 

The  activities  are  certainly  not  objective.  The  decision  to  do  this 
experiment  and  not  that  one,  the  decision  to  work  in  the  field  and  not 
that  one,  somebody  else's  decision  to  give  you  the  money  or  not,  those  all 
involve  value  judgments  which  are  not  scientific.  That  has  got  nothing 
to  do  with  whether  the  final  product  can  be  dissected  as  free  as  is  humanly 
possible  of  political  or  other  considerations.  And  if  a given  individual 
cannot  free  himself  of  such  distorting  considerations,  the  scientific  com- 
munity has  evolved  powerful  methods  for  correcting  errors  that  creep  in. 

It  is  not  infallible,  but  it  is  a method  that  nothing  else  that  human  beings 
have  ever  devised  can  compare  with  as  a means  of  finding  the  objective  truths 
of  nature  that  lie  there  waiting  for  us  to  find. 
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Now,  I am  taking  the  trouble  to  go  into  this  because  I think  that 
it  is  pernicious  to  keep  stating  as  a fact,  as  some  politically  advanced 
groups  and  certain  historians  of  science  blithely  state,  that  it  is  obvious 
that  there  is  no  such  thing  as  objectivity,  because  if  you  beat  this  drum 
too  hard  you  find  yourself  saying  if  there  is  no  such  thing  as  objectivity, 
then  let  us  not  even  try  to  seek  whatever  degree  of  objectivity  we  can 
find,  but  let  us  say  that  science  is  just  an  expression  of  each  person's 
politics,  and  I think  my  politics  is  better  than  yours,  and  therefore  I 
want  science  to  fit  my  politics.  A more  pernicious  doctrine  than  that,  I 
think  I could  not  find. 

Well,  I think  this  is  highly  relevant  to  what  we  are  dealing  with 
here.  I believe  we  have  had  a very  interesting  discussion  earlier  about 
the  value  of  trying  to  dissect  the  objective,  scientific  aspects  of  the 
problem  as  fully  as  possible  from  the  political  considerations,  and  if 
indeed  the  Advisory  Committees  that  have  been  concerned  with  deciding 
what  to  recommend  in  the  way  of  guidelines  for  bioresearch,  for  shotgun 
research,  which  is  fundamentally  the  same,  for  prokaryote  exchanges. 

If  they  have  indeed  been  trying  to  anticipate  the  policy  decisions  that 
ultimately  Dr.  Fredrickson  has  to  come  to,  then  perhaps  the  process  has 
been  seriously  distorted,  as  Dr.  Rosenblith  pointed  out,  and  perhaps 
one  should  go  back  to  the  drawing  board.  But  in  any  case,  I thought  it 
was  an  extremely  interesting  direction,  and  I just  wanted  to  point  out 
my  reasons  for  hoping  that  that  line  of  thought  will  not  be  quickly 
dropped . 


DR.  FREDRICKSON:  Thank  you,  Dr.  Davis. 

I will  call  now  on  Dr.  Szybalski. 

DR.  SZYBALSKI:  I have  prepared  a written  statement;  here  is  your  copy 

and  I shall  summarize  it. 

DR.  FREDRICKSON:  Have  all  the  members  received  this,  or  is  this  the 

only  copy? 

DR.  SZYBALSKI:  I shall  distribute  it  around,  and  I have  more  copies  for 

whoever  wants  them. 

I should  have  divided  my  presentation  into  several  five-minute  testimonies, 
as  others  did. 

The  reason  we  are  gathered  here  tonight  is  because  in  1974  several  scien- 
tists were  voicing  concerns  about  the  possibility  of  some  serious  epidemic, 
and  I stress  epidemic,  caused  by  EL  coli  K-12  carrying  recombinant  DNA.  At 
present,  that  means  in  December  of  '77,  there  is  a general  realization  that 
there  is  no  practical  possibility  of  such  an  epidemic.  The  best  experts  in  the 
fields  of  epidemiology  and  medical  bacteriology  agree  that  EL  coli  K-12  cannot 
be  converted  into  a pathogen  that  would  cause  a disease,  especially  of  epidemic 
proportion. 
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If  the  scientists  who  sounded  the  '74  warning  had  been  informed  as  well 
as  we  are  now,  there  would  have  been  no  letter  to  Science , there  would  not 
have  been  NIH  Guidelines,  and  we  would  not  be  here  tonight.  But  we  are  here 
and  this  only  for  historical  reasons. 

So  what  should  we  do,  especially  with  those  parts  of  the  Guidelines  which 
we  now  know  are  designed  to  protect  us  from  imaginary  dangers  that  we  know  do 
not  exist  from  the  practical  point  of  view?  We  have  in  front  of  us  a new 
draft  prepared  by  the  Recombinant  DNA  Advisory  Committee  which  exempts  some 
kinds  of  DNA  combinations  and  adjusts  the  containment  for  some  other  combina- 
tions, but  the  most  unusual  feature  is  a new  introduction  stating  that  the 
Guidelines  continue  to  be  deliberately  restrictive  with  the  intent  of  erring 
on  the  side  of  caution.  So  I would  like  to  make  a comment  on  what  the  committee 
meant  by  the  phrase  deliberately  restrictive,  and  why  it  was  decided  that  the 
new  Guidelines  should  be  intentionally  erroneous. 

My  understanding  of  these  phrases  (I  was  temporarily  chairing  the  Committee 
when  the  Introduction  was  prepared)  is  that  there  is  no  scientific  justification 
for  the  Guidelines,  but  to  abandon  them  at  this  time  might  be  politically  un- 
wise. 


Therefore  my  emphatic  suggestion  would  be  to  exclude  from  the  proposed 
Guidelines  at  least  all  those  recombinant  DNA  experiments  that  employ  E.  coli 
K-12  host-vector  systems,  with  only  those  exceptions  which  are  already  listed 
as  "prohibited  experiments"  and  maybe  a few  more  specific  classes  of  exper- 
iments if  there  is  any  justified  concern  about  them.  If  you  think  it  would  be 
helpful,  you  should  require  only  a very  simple  registration  of  EK1  and  EK2 
experiments  with  the  Recombinant  DNA  Advisory  Committee  and  the  ORDA  so  you 
would  know  what  is  going  on. 

There  is  no  good  reason  to  separate  the  experiments  employing  novel  and 
not  novel  DNA  combinations.  There  are  very  many  novel  DNA  combinations  without 
any  practical  dangers,  and  there  is  a general  agreement  about  it  now. 

I certainly  agree  that  it  is  very  important  to  protect  the  public,  but 
there  are  two  ways  to  do  so.  One  is  to  protect  them  from  the  hypothetical 
risks,  but  only  if  there  really  are  any  significant  risks.  Another  is  to 
protect  the  public  from  excessive  or  unsound  regulations,  because  these  could 
really  be  damaging.  It  is  a two-edged  sword. 

Let's  face  it.  There  is  no  trace  of  any  practical  risk  in  cloning  and 
studying  human  genes  coding,  for  instance,  for  immunoglobulins,  and  these  very 
important  beneficial  studies  on  our  natural  defenses  against  disease  are 
presently  made  very  cumbersome  and  often  impossible  under  the  Guidelines. 

I cannot  comprehend  why  the  very  important,  safe,  and  very  beneficial 
medical  research  on  human  genes  and  proteins  that  are  involved  in  preserving 
our  health  should  be  greatly  restricted.  I could  give  many  other  examples. 

For  instance,  Herpes  2 virus  causes  a very  unpleasant  and  dangerous  infection, 
especially  in  women.  However,  there  are  no  vaccines,  and  there  is  no  good 
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way  to  develop  safe  vaccines  by  the  conventional  technique  because  of  the 
possible  oncogenic  properties  of  Herpes.  I discussed  it  with  Dr.  June  Osborn, 
who  is  here.  Recombinant  DNA  would  be  a good  way  to  produce  a safe  vaccine 
and  in  this  way  to  protect  women  from  this  painful  and  terrible  affliction. 

And  at  the  present  moment  this  is  practically  impossible  because  of  the  1976 
Guidelines.  Time  does  not  permit  me  to  go  further  but  I hope  I made  the  main 
point . 

DR.  FREDRICKSON:  We  will  circulate  your  document,  and  you  have  a letter 

in  the  book  which  is  also  available. 

DR.  SZYBALSKI:  I will  be  glad  to  answer  questions. 

DR.  FREDRICKSON:  I wonder.  Dr.  Szybalski,  if  we  might  withhold  those 

questions  until  we  have  now  gone  through — 

DR.  SZYBALSKI:  I don't  have  questions,  but  somebody  else  might. 

DR.  FREDRICKSON:  Right.  I am  going  to  restrain  the  Committee,  if  I may, 

at  the  moment. 

Let  me  then  call  on  Dr.  Liberman,  who  is  the  MIT  Biohazard  Assessment 
Officer,  who  hasn't  yet  appeared. 

DR.  LIBERMAN:  I have  a couple  of  points  that  I would  like  to  make,  and 

I will  do  them  as  quickly  as  I can  in  view  of  the  time.  There  is  one  area  I 
would  like  to  mention  first.  I was  going  to  wait  until  tomorrow,  because  that 
is  when  roles  and  responsibilities  were  going  to  be  discussed,  but  since  one 
of  the  previous  individuals  commented  on  the  composition  of  biohazard  committees, 
I happen  to  be  on  three  of  them  in  the  Cambridge  area,  and  I seem  to  feel,  as 
well  as  my  colleagues,  as  well  as  the  people  in  Cambridge,  including  the 
Cambridge  Biohazard  Committee,  that  we  are  doing  a pretty  good  job  in  what  we 
are  doing.  We  have  extensive  broad-based  experienced  personnel  on  all  levels 
of  science  as  well  as  non-science  areas,  including  modern  ethics  and  religion, 
and  I think  that  the  point  has  to  be  made,  if  an  investigator  wants  to  break 

the  NIH  Guidelines  he  can  do  it  very  easily.  The  institutions  rely  on  the 

integrity  of  the  scientific  personnel  of  the  institutions  to  stay  within  the 
Guidelines.  Now,  there  is  no  way  any  member  of  the  committee  can  look  inside 
a test  tube  and  say  whether  or  not  it  is  mammalian  or  whether  it  is  human,  or 
whether  it  is  rat  or  rabbit  DNA  in  there.  So  you  have  to  make  some  sort  of 
value  judgments  based  on  what  the  institution  is  and  what  it  stands  for. 

Now,  this  may  not  be  acceptable  to  some  individuals,  but  until  we  have 

probes  that  can  distinguish  between  100  base  pairs  of  various  kinds  of  DNA 

specifically,  we  have  to  make  some  sort  of  assumptions. 

Now,  the  points  that  I would  like  to  make  are  as  follows,  and  it  is 
basically  stemming  from  the  fact — they  are  all  tied  in  with,  I guess,  the 
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classification  of  experiments,  and  when  you  start  talking  about  the  classi- 
fication of  experiments,  you  are  immediately  into  the  biological  and  physical 
containment,  because  these  are  the  things  that  are  cited. 

From  ray  perspective,  and  I have  spent  some  time  considering  this, 
and  I am  involved  in  some  recombinant  DNA  experimentation  from  a different 
point  of  view  than  most  of  the  people  here  that  are  involved  in  the  work, 

I feel  that  biological  containment  is  more  important  than  physical  contain- 
ment. I think  it  gives  you  a greater  degree  of  control  and  it  is  a greater 
concept  of  safety  associated  with  biological  containment  than  physical 
containment.  Now,  the  case  in  point  is,  if  you  take  a look  at  PI  and  P2, 
there  is  no  difference  in  terms  of  the  facility.  What  we  are  talking  about 
is  a set  of  techniques  or  a set  of  mental  concepts  that  we  say  constitute 
P2  activity  versus  PI  activity,  and  if  you  proceed  to  the  types  of  experi- 
ments that  can  be  performed  under  P2+EK2  conditions,  it  is  equivalent  to  a 
P3+EK1  experiment.  I would  prefer  to  see  the  P2+EK2,  and  get  away  with  the 
lower  physical  containment.  Now,  that  is  a personal  judgment  on  my  part. 

If  you  take  a look  at  the  safety  factors  of  the  various  EK2  systems, 
the  lambda  system  versus  the  1776,  the  lambda  will  lyse.  If  something 
is  released  into  the  environment  and  it  grows  under  the  unrestricted  con- 
ditions of  whatever  it  encounters,  the  system  lyses.  That  is  part  of  the 
system.  That  is  part  of  the  biological  containment.  The  idea  is  to  grow 
the  lambda  systems  for  a reasonable  amount  of  time,  they  lyse,  you  collect 
the  viable  DNA,  and  then  you  go  through  another  round  of  this  for  ampli- 
fication. But  that  is  a value  judgment,  and  those  are  my  thoughts. 

DR.  FREDRICKSON:  Dr.  Liberman,  I think  you  have  a lot  to  tell  us,  and 

I want  to  break  in  to  ask  you  a couple  of  questions.  In  reference  to  the 
experimental  Guidelines,  are  you  generally  in  favor  of  the  revisions,  or 
opposed  to  them,  and  if  you  have  specific  points,  would  you  mention  them 
very  quickly? 

DR.  LIBERMAN:  Well,  it  is  difficult  to  mention  quickly.  I told  Bill 

before — I am  sorry,  Dr.  Gartland — that  I would  address  the  specifics  in 
writing,  because  I think  there  are  several  here. 

DR.  FREDRICKSON:  Very  good.  That  would  be  very  helpful. 

DR.  LIBERMAN:  I basically  feel  that  we  have  over-contained  in  terms 

of  the  physical  containment  concepts  of  it,  and  that  we  could  probably  get 
away  with  lower  physical  containment,  but  at  least  really  looking  at  the 
biological  containment  phase  of  it,  many  of  the  risk  experiments  that  Pro- 
fessors Rowe  and  Martin  want  to  do  can  be  done  at  P3+EK2.  I believe  that. 

DR.  FREDRICKSON:  We  will  be  looking  forward  to  that. 

DR.  LIBERMAN:  Okay,  the  other  point  that  I want  to  make  is  that — and 
it  is  again  talking  about  E.  col i as  a pathogen — now,  no  one  in  here  will 
doubt  the  fact  that  E.  col i can  cause  urinary  tract  infections,  it  can  cause 
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gastroenteritis,  it  can  cause  pneumonia,  it  can  cause  meningitis;  I mean, 
there  are  a variety  of  diseases  that  it  can  cause.  But  those  are  pathogenic 
strains.  E.  coli  K-12  is  related  to  the  majority  of  E.  coli  as  apples  and 
pears  are  related;  they  are  fruits.  E.  coli  is  a taxon.  Lots  of  things 
were  put  into  that  taxonomic  group,  which  probably,  if  someone  were  to  care- 
fully go  through  it  on  the  basis  of  GC  content  or  whatever  the  biochemical, 
taxonomic  tools  are  now,  one  could  really  probably  set  up  four  or  five  genus 
species  designations  from  those  organisms. 

I know  this  from  some  experiments  that  we  have  been  involved  with.  If 
one  were  to  perform  biochemical  tests  and  determine  the  biotype  of  an  or- 
ganism— and  there  are  some  rapid  ways  of  doing  this  with  the  advent  of  com- 
mercial diagnostic  kits  that  are  being  widely  used  in  clinical  laboratories — 
using  one  of  these  kits,  there  are  586  biotypes  of  E . coli . I looked  at  15 
E.  coli  K-12s  and  generated  14  biotypes.  Now,  of  those  587  biotypes,  there 
are  15  that  account  for — in  one  study  the  company  has  a computer  data  base, 
and  they  processed  50,000  E.  colis . I think  it  is  something  like  37  of  those 
biotypes  comprise  40,000  of  those  50,000  organisms.  Another  50  biotypes,  may- 
be 60  biotypes,  comprise  another  large  bulk.  Then  you  have  a group  of  about 
200  organisms  which  are  represented  once. 

DR.  FREDRICKSON:  Will  you  include  that  information  in  your — 

DR.  LIBERMAN:  All  this  information  will  be  included. 

DR.  FREDRICKSON:  Very  good. 

DR.  LIBERMAN:  Well,  I wish  I had  more  time. 

DR.  FREDRICKSON:  Thank  you  very  much. 

Now,  I would  like  to  call  on  Mr.  Thacher,  please. 

MR.  THACHER:  I decided  to  pass  on  this  section. 

DR.  FREDRICKSON:  Thank  you  very  much. 

Dr . Wright . 

DR.  WRIGHT:  I have  several  points.  First  I would  like  to  comment  on 

Dr.  Tooze's  representation  of  the  European  arrangements.  I wasn't  sure  at 
times  whether  he  was  generalizing  about  all  the  European  countries  at  once, 
or  about  the  position  of  EMBQ's  standing  committee.  There  are  a few  distinc- 
tions to  be  made  there.  I would  just  like  to  concentrate  on  the  British  sit- 
uation, which  I know  quite  well  from  my  year's  experience  and  the  examination 
of  their  decision  process  for  the  recombinant  DNA  issue. 

Dr.  Tooze  mentioned,  I think,  that  in  Europe  we  have  guidelines  but  not 
laws.  At  least  in  Britain,  that  is  not  correct.  In  Britain  there  is  a code 
of  practice  that  has  considerable  legal  backing  in  the  form  of  the  Health  and 
Safety  at  Work  Act.  That  Act  provides  for  regulations  to  be  promulgated — 
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DR.  FREDRICKSON:  Dr.  Wright,  you  are  wandering  into  areas  of  legal 

and  regulatory  responsibility  which  are  the  subject  of  tomorrow. 


DR.  WRIGHT:  Well,  Dr.  Fredrickson,  I have  to  give  a talk  at  the  Sloan 

Kettering  Institute  tomorrow,  and  I won't  be  present,  so  if  I could  just 
reply  to  Dr.  Tooze  now,  it  would  be  very  helpful  to  me. 


MR.  HUTT:  I would  prefer  that  she  be  allowed  to  continue  this  directly 

in  point  to  what  was  asked  earlier. 

DR.  FREDRICKSON:  Of  course  she  may.  Please,  continue. 


DR.  WRIGHT:  Thank  you,  Dr.  Fredrickson. 


The  Health  and  Safety  at  Work  Act  provides  for  regulations  to  be  promul 
gated  by  the  Health  and  Safety  Commission,  which  is  the  rough  British  equiv- 
alent of  OSHA.  That  organization  has  substantial  authority  under  the  Act  to 
conduct  inspections,  to  enforce  regulations,  and  to  promulgate  regulations 
about  any  activity  that  poses  hazards  in  the  work  place,  and  has  done  that. 


A second  comment  on  the  British  situation  is  that  the  proposals  for  the 
research  are  being  reviewed  by  the  Genetic  Manipulation  Advisory  Committee, 
and  I just  wanted  to  amplify  what  Nancy  Pfund  said  about — It  is  a fairly 
broadly  representative  body  with  not  one  but  four  trade  union  members  on  it, 
industrial  representatives,  members  of  the  public — I think  four  lay  members 
of  the  public — as  well  as  scientific  members.  So  it  is  a fairly  broadly 
representative  group. 


I should  point  out  that  I am  only  talking  about  the  review  of  proposals 
because  the  British  code  of  practice  and  broad  British  policy  was  drawn  up 
in  a way  that  bears  general  similarities  to  the  American  process — namely,  it 
was  conducted  under  the  MRC,  which  is  the  rough  equivalent  of  the  NIH,  al- 
though there  are  a lot  of  differences.  But  the  broad  function  of  the  MRC  is 
to  promote  biomedical  research.  So  the  policy  decisions  which  were  made 
earlier  did  not  have  broad  public  input.  But  at  this  later  stage,  there  has 
ct.rtainly  been  considerable  representation.  I wanted  to  make  that  clear. 

In  addition,  perhaps  a private  scientific  organization  such  as  EMBO 
can  concern  itself  only  with  purely  scientific  matters,  although  I would 
have  trouble  with  that,  but  I certainly  don't  think  that  a national  com- 
mittee can.  Policy  decisions — and  I will  come  back  to  the  question  of  the 
objectivity  of  science  later — but  policy  decisions  are  intrinsically  mixed 
with  technical  decisions,  because  a decision  to  lower  containment  is  also 
a decision  to  open  up  this  field,  and  that  means  that  many  more  genetic 
engineers  are  going  to  be  trained  in  this  field.  I haven't  heard  anyone 
yet  who  has  argued  that  willful  abuse  of  these  techniques  will  be  impos- 
sible in  the  future.  Until  we  can  be  sure  of  that,  we  have  a question 
about  where  these  genetic  engineers  that  we  will  train  in  such  numbers  are 
going  to  go,  and  I don't  think  we  can  say  that  we  have  control  over  that. 
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Second,  I wanted  to  briefly  comment  on  the  point  raised  by  Patricia 
King  on  exemptions.  A decision  to  move  towards  industrial  prototypes  or 
a decision  to  release  hybrid  organisms  are  both  decisions  which  take  science 
out  of  the  laboratory  and  into  society,  very  clearly.  I don't  think  that 
those  are  decisions  that  should  be  taken  by  any  nonrepresentative  group. 

At  the  very  least,  each  such  decision  needs  a separate  environmental  impact 
statement,  and  however  these  decisions  are  made,  my  own  view  is  that  they 
should  be  made  by  some  form  of  representative  process. 

Okay,  one  second  for  Dr.  Davis.  I really  can't  resist  this.  I simply 
want  to  refer  Dr.  Davis  to  an  example  from  the  history  of  science.  For  rough 
ly  seven  years  Henri  Carre  [?],  the  French  physicist,  and  Albert  Einstein 
interpreted  the  same  set  of  data,  precisely  the  same  set  of  data  on  two  very 
different  theories.  Carre  used  the  classical  theory  of  electromagnetism, 
and  Einstein  used  his  own  special  theory  of  relativity  for  seven  years.  So 
I think  one  should  ask  on  the  basis  of  that,  and  that  is  not  an  isolated 
example  at  all,  where  is  the  objectivity  of  science?  I am  not  saying  that 
there  is  no  objectivity  of  science,  but  it  is  a very  much  more  complicated 
matter  than  you  seem  to  suggest.  I think  it  would  be  a very  interesting 
question  for  historians  of  science  to  look  back  on  the  debates  like  the  one 
we  have  had  today,  and  ask  what  did  they  do?  What  became  of  the  data  that 
was  used  as  a basis  for  the  revisions? 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Wright. 

Mr . Hut  t . 

MR.  HUTT:  Dr.  Wright,  I just  wanted  to  pursue  your  discussion  of  the 

British  situation.  I don't  want  people  to  be  misled.  I don't  think  we 
ought  to  be  controlled  or  follow  foreign  precedent  just  because  it  exists, 
but  I think  it  is  useful  as  background  information  to  understand  what  the 
rest  of  the  world  is  doing.  Is  it  your  understanding  that  under  the  regula- 
tions or  code  of  practice  that  exists  in  England,  that  there  is  experimenta- 
tion going  on  that  would  not  be  permitted  in  this  country  under  our  current 
Guidelines? 

DR.  WRIGHT:  I think  that  question  has  been  dealt  with  already.  Appar- 

ently there  is,  yes.  I was  just  pointing  to  the  fact  that  there  are  in  fact 
regulations  backing  up  that  work. 

MR.  HUTT:  And  those  regulations  to  your  knowledge  have  the  force  of  law 

If  people  violate  them  they  go  to  jail? 

DR.  WRIGHT:  Well,  Dr.  Kendrew  at  Lancashire  said  as  firmly  as  Dr.  Tooze 

is  now  shaking  his  head,  that  they  had  the  force  of  law,  right. 

DR.  TOOZE:  They  will  have  the  force  of  law  in  October  of  1978,  and  not 

until . 
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DR.  WRIGHT:  Oh,  I see. 

DR.  TOOZE : So  what  I am  saying  now  is  that  guidelines  in  the  United 

Kingdom  are  voluntary,  as  is  stated  in  the  Williams  Report.  When  a regula- 
tion is  issued  by  the  Ministry  of  Health  and  Safety,  then  they  will  perhaps 
become  under  the  scope  of  that  Act.  And  that,  as  far  as  recombinant  DNA  is 
concerned,  will  not  go  into  force  and  will  have  no  legal  force  until  October 
of  1978.  So  you  should  carry  that  in  the  record. 

DR.  WRIGHT:  I think  that  is  a somewhat  insubstantial  distinction,  be- 

cause all  of  the  civil  servants  who  I talked  with  in  Britain  during  my  year 
there  said  that  they  were  acting  as  if  that  law  was  already  in  force. 

DR.  TOOZE:  The  question  of  whether  a law  is  in  force  is  a simply  de- 

fined legal  question.  Either  it  is  in  force  or  it  is  not  in  force. 

DR.  WRIGHT:  Right,  but  it  is  certainly  coming  into  force  in  October. 

MR.  HUTT:  Weil,  certainly  I find  it  very  useful  to  know  that  there  will 

be  one.  That  is,  I think,  of  some  relevance.  That  was  ray  only  question. 

DR.  FREDRICKSON:  Thank  you. 

Dr.  Wright,  it  is  very  late  in  the  evening,  but  I can't  resist  asking  you 
a question.  While  you  were  in  Britain  did  you  ever  attend  a meeting  of  the 
Genetic  Manipulation  Advisory  Group? 

DR.  WRIGHT:  Dr.  Fredrickson,  I think  you  know  that  that  is  a loaded 

question?  Have  you  heard  of  the  British  Official  Secrets  Act? 

DR.  FREDRICKSON:  Those  meetings  are  closed  to  the  public. 

DR.  WRIGHT:  It  covers  virtually  everything. 

DR.  FREDRICKSON:  Thank  you  for  making  me  feel  better. 

Finally,  Ms.  Simring,  you  have  five  minutes. 

MS.  SIMRING:  You  had  asked  me  before  to  delay  some  of  the  questions  I 

wished  to  address  to  Dr.  Tooze , and  perhaps  one  other.  I hope  that  that  won't 
be  subtracted  from  my  five  minutes. 

Dr.  Tooze,  I must  say  that  I was  distressed  by  the  hyperbolic  adjectives 
and  other  types  of  words  that  you  used,  because  the  question  I wish  to  pose 
to  you  is,  When  you  say  "nonsense,"  "I  am  convinced,"  "absolutely  adequately 
safe,"  how  can  you  reconcile  that  with  scientific  objectivity,  philosophy 
and  the  procedures  of  investigation? 

Also,  I wish  to  ask  you,  you  said  the  scientists  will  not  follow  the 
Guidelines  if  they  are  too  stringent.  This  troubles  me  very  deeply.  Do  you 
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mean  to  say  that  responsible  citizens,  no  matter  what  their  profession, 
should  the  Guidelines  be  enacted  into  law,  would  not  follow  them? 

DR.  TOOZE:  Can  I respond  to  that? 

DR.  FREDRICKSON:  Yes,  please  do. 

DR.  TOOZE:  I think  I explained  at  the  very  beginning  that  in  Europe  we 

are  still  talking  about  conjectural  hazards,  and  guidelines,  not  laws.  As 
soon  as  something  becomes  law  and  somebody  disobeys  it,  they  are  criminally 
forfeit.  What  I said  was  that  if  guidelines  do  not  command,  for  scientific 
reasons,  do  not  command  the  consensus  respect  of  the  people  who  are  supposed 
to  be  following  them,  you  will  have  great  difficulty  enforcing  them.  In  fact, 
people  will  not,  in  my  opinion,  follow  laws  which  they  believe  to  be  nonsen- 
sical. I am  not  saying  that  all  the  NIH  Guidelines  are  nonsensical.  I was 
pointing  to  certain  categories  with  various  experiments.  That  is  all  I was 
saying . 

Concerning  the  other  part,  I think  we  have  to  reach  an  opinion  on  some 
data.  Some  groups  will  say — Jonathan  King,  and  I entirely  agree  with  him, 
says  that  he  doesn't  feel  that  with  E.  coli  K-12  there  is  the  slightest  risk 
of  an  epidemic  situation.  I think  we  all  agree.  The  question  then  is  how 
much  you  want  to  protect  the  people  who  are  working  in  the  laboratory.  It 
seems  to  me  that  the  employers  owe  some  responsibility  to  their  staff,  but 
getting  infections  in  microbiology  laboratories  is  an  occupational  hazard, 
like  having  a piece  of  coal  fall  on  your  head  is  in  a coal  mine.  You  do  the 
best  in  both  cases  to  set  up  regulation  and  machinery  to  minimize  the  chances 
of  industrial  accidents,  but  when  you  work  in  a microbiology  laboratory,  you 
must  expect  to  run  the  risk  of  a microbiological  accident  to  the  individual 
staff.  And  we  agree,  I think,  that  as  long  as  we  are  using  E.  coli  K-12  the 
epidemic  situation  is  not  relevant. 

DR.  FREDRICKSON:  Now,  Ms.  Simring,  your  five  minutes  begins. 

MS.  SIMRING:  Oh,  I had  one  more  question  to  ask  him. 

(Laughter . ) 

DR.  FREDRICKSON:  One  minute  for  this  reenactment  of  the  Lincoln- 

Douglas  debate. 

(Laughter . ) 

MS.  SIMRING:  I think  it  is  in  part  a tribute  to  the  day  that  we  have 

this  kind  of  give  and  take. 

In  the  proposed  French  guidelines  of  June  of  '77,  the  NIH  definition  of 
novel  recombinant  DNA  was  stated  to  be  "ill-defined."  The  definition  in  the 
French  guidelines  is  clear  and  succinct  to  me  and  to  some  others.  It  is  very 
short.  "Genetic  engineering  refers  to  in  vivo  multiplication  of  molecules 
which  have  been  constructed  through  in  vitro  recombination  of  DNA  segments." 
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I think  that  is  marvelously  short  and  clear  and  broad.  What  I am  asking 
is  because  this  definition  is  broader,  wouldn't  you  say  that  although  some 
of  the  containment  levels  might  be  lower  in  France  or  other  European  coun- 
tries that  might  adopt  this  or  a similar  definition,  that  there  might  indeed 
be  better  containment  because  there  would  be  areas  not  excluded  from  the 
definition. 

DR.  FREDRICKSON:  Dr.  Tooze? 

DR.  TOOZE:  I think  there  is  a lot  to  be  said,  indeed,  for  the  French 

definition,  and  you  can  argue  that  that  is  a very  simple  definition  where 
you  don't  have  to  put  in  a lot  of  exemption  clauses.  I think  if  a defini- 
tion occupies  several  pages,  it  begins  to  become  a bad  definition. 


Of  course,  this  will  include  within  recombinant  DNA  or  genetic  engineer- 
ing certain  kinds  of  experiments.  It  doesn't  necessarily  include  them  inside 
their  guidelines,  which  is  the  crucial  question. 

DR.  FREDRICKSON:  And  now,  Ms.  Simring,  for  your  concluding  remarks. 

MS.  SIMRING:  I would  like  to  talk  about  the  classification,  to  begin 

with,  of  the  host-vector  systems,  on  the  basis  of  hazard  to  humans,  which 
is  the  fundamental  framework  for  the  original  Guidelines.  It  is  based  on  a 
phylogenetic  ranking — that  is,  overall  risk  to  humans  is  assumed  to  decrease 
as  phylogenetic  distance  increases.  Although  this  framework  of  hazard  to 
humans  may  be  valid,  it  must  remain  still  an  assumption  until  there  is  suffi- 
cient scientific  data  to  support  it.  Furthermore,  many  scientists  have  indi- 
cated that  the  assignment  of  levels  of  risk — that  is,  PI  through  P4  and  EK1 
through  EK3--within  this  framework  is  arbitrary. 


The  NIH  Guidelines  do  not  adequately  deal  with  the  use  of  recombinant 
DNA  in  plants  and  animals.  In  a letter  from  Dr.  Peter  Day  of  the  National 
Science  Foundation  [sic],  he  indicated  that  the  1976  Guidelines  have  "no 
classification  system  for  pests  and  pathogens  of  plants  and  animals  on  the 
basis  of  their  hazard  to  agriculture  such  as  exists  for  etiologic  agents  of 
disease  on  the  basis  of  their  hazard  to  humans."  And  probably  Dr.  Chilton's 
problem  derives  from  just  this  lack  of  classification.  His  letter,  which 
reported  the  conclusions  of  a two-day  conference  of  plant-animal  scientists, 
urged  the  NIH  to  develop  such  a classification  in  the  revised  guidelines, 
but  the  proposed  revisions,  unfortunately,  do  not  reflect  this. 


Dr.  Peter  Albersheim — his  letter  was  referred  to  earlier — a biochemist 
at  the  University  of  Colorado,  has  expressed  concern  over  the  use  of  the 
organism  Agrobacterium  tume  fac iens  in  nitrogen  fixation  work.  This  bacte- 
rium causes  crown  gall  disease  in  plants,  and  Dr.  Albersheim  raised  a number 
of  questions  about  the  effects  of  modified  strains  on  plants.  This  is  just 
the  kind  of  problem  which  needs  to  be  addressed  in  an  environmental  impact 
statement . 


The  report  of  the  Environmental  Protection  Agency  study  group  on  recom- 
binant DNA,  which  I mentioned  earlier  in  the  day,  was  "concerned  with  the 
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minimum  attention  given  to  environmental  issues  that  evidently  went  into  the 
development  of  the  NIH  Guidelines,  into  the  draft  Environmental  Impact  State- 
ment, and  the  various  public  and  scientific  discussions."  They  recommended — 
and  I feel  this  is  very  important,  because  so  many  people  have  said,  Where 
is  the  data  for  survivability  in  the  soil  and  water  and  so  forth? — they 
recommended:  "Model  experiments  should  be  conducted  with  labeled  organisms 

to  determine  their  survival  and  fate  in  representative  test  waters,  soils, 
and  air  samples."  They  also  recommended  that  "survivability  studies  with 
the  host  strain  prior  to  insertion  of  new  genetic  materials  should  precede 
all  recombinant  DNA  research  with  that  host." 

Once  again,  we  are  forced  to  remark  that  critical  comments  have  not  been 
reflected  in  the  Environmental  Impact  Statement  and  in  the  proposed  revised 
Guidelines.  I do  hope  that  many  of  these  critiques  will  be  considered  in 
the  further  drafting  of  the  proposed  revised  guidelines  and  in  all  the  subse- 
quent discussions. 

Thank  you  very  much. 

DR.  FREDRICKSON:  Thank  you,  Ms.  Simring. 

Mr.  Hutt. 

MR.  HUTT:  That  is  the  second  time  today  that  a question  was  raised 

about  the  adequacy  of  the  analysis  in  response  to  specific  comments.  It 
was  suggested  earlier  by  Dr.  Fredrickson,  and  I hope  facetiously,  that  the 
way  that  the  Committee  members  could  pursue  that  is  to  read  this  volume  and 
then  having  analyzed  that,  to  then  read  this  volume  and  make  sure  that  this 
one  answered  all  the  questions  in  this  one.  I don't  propose  to  do  that 
this  evening.  I was  wondering  if  the  two  speakers  who  raised  those  criti- 
cisms, in  all  seriousness,  could  give  us  specific  examples.  I wouldn't  ask 
you  to  list  every  place  where  you  think  it  is  inadequate,  but  if  you  could 
point  out  specific  pages  where  comments  are  made  in  here  on  which  there  is 
no  analysis  in  here,  because  the  Committee  can't  possibly  undertake  that  on 
its  own. 

DR.  FREDRICKSON:  Could  you  do  that  perhaps  over  the  night,  Ms. 

Simring? 

MS.  SIMRING:  I will  tell  you  frankly,  I had  hoped  to  get  some  sleep 

tonight;  we  got  so  little  last  night.  And  as  I had  indicated,  we  got  these 
materials  so  late.  There  are  some  500  or  so  pages.  I skimmed  through  them. 
However,  they  will  be  analyzed  and  be  available  for  the  written  record. 

MR.  HUTT:  But  in  order  for  you  to  have  made  the  statement  that  there 

are  inadequacies,  I am  not  asking  for  all  of  them,  just  examples,  and  I 
agree,  I am  happy  to  defer  to  the  chairman's  suggestion  that  it  be  done 
tomorrow. 

MS.  SIMRING:  All  right,  I will  select  some  of  the  examples  that  would 

support  that. 
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DR.  FREDRICKSON:  Are  there  other  final  questions  or  comments  from  the 

Committee? 

If  not,  then  ladies  and  gentlemen,  you  have  been  extraordinarily  pa- 
tient with  us  all.  Before  you  go  I must  read  you,  however,  one  piece  of 
information  which  refers  back  to  a comment  made  rather  tangentially  by  Mr. 
Dach  and  which  you  will  probably  find  in  your  morning  newspaper.  That  is 
that  on  December  14 — that  is,  yesterday--a  letter,  which  I shall  read  to 
you,  was  sent  to  the  Harvard  Medical  School. 

It  reads,  "On  December  9 the  National  Institutes  of  Health  received  a 
proposed  Memorandum  of  Understanding  and  Agreement  (MUA)  dated  November  2 
for  research  grant  number  GM-so-and-so , Dr.  Charles  A.  Thomas,  Jr.,  princi- 
pal investigator.  Based  on  information  developed  by  an  NIH  site  visit  team 
which  visited  Harvard  Medical  School  on  December  12,  NIH  is  withholding  ap- 
proval of  this  MUA  pending  clarification  of  prior  compliance  by  this  investi- 
gator with  the  NIH  Guidelines  for  Research  Involving  Recombinant  DNA  Mole- 
cules. In  the  absence  of  an  approved  MUA,  recombinant  DNA  experiments  sup- 
ported by  NIH  funds  under  grant  number  so-and-so  must  not  be  carried  out. 

You  will  shortly  receive  a revised  Notice  of  Grant  Award  indicating  that 
funds  from  grant  so-and-so  may  not  be  used  to  conduct  recombinant  DNA 
experiment  s . " 

Several  NIH  program  officials  did  visit  the  laboratory  of  Dr.  Thomas, 
and  the  committee  and  the  Dean  at  Harvard  Medical  School,  and  they  will  pay 
another  visit  to  that  institution,  and  until  they  do  we  really  have  not 
much  more  to  report  to  you.  But  since  you  will  probably  be  seeing  this  in 
the  Post  before  you  come  to  tomorrow's  meeting,  I thought  I would  give  you 
this  advance  notice. 

The  meeting  will  begin  promptly  tomorrow  morning  in  this  same  room  at 
9:00  a.m.,  and  I wish  you  all  a good  night. 

Thank  you. 

(Thereupon,  at  10:25  p.m. , a recess  was  taken  until  9:00  a.m.  the  next 

day.  ) 
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The  meeting  was  called  to  order  at  9:00  a.m. , December  16,  1977,  by 
Dr.  Fredrickson,  Chairman,  presiding. 

DR.  FREDRICKSON:  Good  morning,  ladies  and  gentlemen.  We  return  to  our 
agenda  on  schedule,  and  we  will  save  a good  deal  of  the  first  part  of  it  by 
omitting  the  summary  and  comments  by  the  Director.  Today  we  are  going  to  take 
up  that  portion  of  the  Guidelines  for  which  revision  has  been  suggested,  and 
which  begins,  for  matters  of  reference,  on  Federal  Register  page  49604,  column 
one — that  section  dealing  with  roles  and  responsibilities. 

In  one  sense  the  NIH  Guidelines  are  in  two  parts.  They  attempt  to 
provide  a set  of  standards  for  the  use  of  recombinant  DNA  techniques,  and 
they  deal  with  matters  of  implementing  those  standards,  parochially  cast  in 
the  language  of  the  Guidelines,  referring  only  to  NIH  grantees.  This  imple- 
mentation section,  in  a way,  is  separate,  but  by  no  means  separable  from 
the  remainder  of  the  Guidelines.  It  should  be  noted,  however,  that  the  other 
principal  conductors  and  supporters  of  this  kind  of  research  in  the  Federal 
Government,  which  to  date  are  the  National  Science  Foundation  and  the  Depart- 
ment of  Agriculture,  have  their  own  adaptations  of  this  implementation  sec- 
tion, although  I think  in  general  they  adhere  very  closely. 

Nevertheless,  there  is  reference  to  study  section  review,  the  review 
of  the  intent  of  the  grantee,  and  so  forth,  which  is  carried  out  according 

to  the  practices  and  styles  of  those  supporting  agencies.  To  a certain 

extent,  as  more  and  more  operators  representing  different  sectors  of  the 
research  community,  profit  as  well  as  non-profit,  should  come  under  the 
coverage  of  the  Guidelines  in  the  sense  of  standards,  so  too  will  the  imple- 
mentation section  have  to  be  adapted  to  that  responsibility. 

Today  we  thought  we  would  begin  not  exactly  as  defined,  but  rather  before 
we  ask  Dr.  LeRoy  Walters  to  speak  on  the  proposed  revisions  to  this  section — 

to  summarize  them — that  we  first  ask  Dr.  William  Gartland,  who  is  the  head  of 

the  Office  of  Recombinant  DNA  Activities  (ORDA)  at  NIH,  to  outline  for  you  in 
brief  terms  the  administrative  practices  for  implementation  as  they  exist  at 
NIH,  and  he  will  also  attempt  to  do  this  in  somewhat  of  a chronological  order, 
as  you  will  see  how  these  administrative  practices  have  evolved  over  the  last 
year  or  so  since  the  Guidelines  were  put  in  place. 

Following  Dr.  Gartland  we  will  not  query  him  at  that  point  or  take  time 
for  discussion,  but  move  to  Dr.  Walters.  Dr.  Gartland,  in  other  words,  is 
going  to  provide  a backdrop  to  put  what  Dr.  Walters  has  to  say  in  somewhat 
better  perspective. 

Dr.  Gartland. 

Oh,  may  I also  announce  that  all  of  the  materials  which  you  didn't  have 
when  you  arrived  yesterday  and  which  were  referred  to  during  the  meeting,  I am 
told,  have  been  duplicated  and  are  available  in  Room  8. 
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DR.  MC  CARTHY:  All  of  the  letters  and  statements  that  were  turned  in 

yesterday  are  available  now  in  Room  8. 

DR.  FREDRICKSON:  Dr.  Gartland. 

DR.  GARTLAND:  Thank  you.  I am  going  to  make  some  remarks  this  morn- 

ing on  the  implementation  of  the  NIH  Guidelines,  because  over  the  past  year 
and  a half  a rather  elaborate  structure  for  their  implementation  has  been 
put  into  place,  and  this  structure  is  not  evident  from  inspection  of  the 
Guidelines.  The  reason  is  because  these  policies  and  procedures  that  I am 
going  to  talk  about  are  promulgated  in  such  places  as  the  NIH  Guide  for 
Grants  and  Contracts,  which  is  an  organ  the  NIH  uses  to  communicate  with 
invest igators  and  with  grantee  institutions.  Also,  these  policies  and 
procedures  are  contained  in  internal  directives  to  NIH  staff. 

Some  of  the  documents  that  I am  going  to  talk  about  are  duplicated 
in  the  final  Environmental  Impact  Statement,  and  as  Dr.  Fredrickson  said, 

I will  take  them  up  in  chronological  order. 

In  late  1975  the  NIH  Institutes  sent  letters  to  principal  investi- 
gators stating  that  the  Recombinant  Advisory  Committee  was  in  the  process 
of  elaborating  a detailed  set  of  explicit  guidelines.  And  in  the  interim 
period  the  principles  and  standards  of  the  Asilomar  Conference  must  be 
complied  with.  The  letter  went  on  to  cite  experiments  that  were  not  to  be 
done  at  all.  The  letter  then  required  investigators  to  provide  a descrip- 
tion of  ongoing  or  proposed  experiments  involving  recombinant  DNA  work,  and 
an  assurance  that  the  Asilomar  Guidelines  would  be  followed  in  the  conduct 
of  these  experiments.  Furthermore,  the  letter  at  that  time,  which  was  late 
1975,  required  assurance  that  there  would  be  no  change  in  the  nature  of 
ongoing  experiments  without  the  prior  approval  of  the  NIH. 

In  June  of  1976  the  Office  of  Recombinant  DNA  Activities  was  estab- 
lished in  the  National  Institute  of  General  Medical  Sciences,  and  among  its 
many  responsibilities,  the  Office  is  responsible  for  participating  in  the 
development  of  policies  and  procedures  for  the  handling  of  recombinant  DNA 
projects  at  the  NIH.  A specific  function  of  the  Office  of  Recombinant  DNA 
Activities  is  to  review  and  approve  all  recombinant  DNA  projects  prior  to 
their  funding  by  any  of  the  Institutes. 

In  July  of  1976,  as  you  know,  the  current  Guidelines  that  we  are  opera- 
ting under  were  published  in  the  Federal  Register.  On  August  26,  1976,  a 
notice  was  sent  to  grantee  institutions  and  investigators  from  the  Director, 
NIH,  and  from  the  Office  of  Recombinant  DNA  Activities  stating  "procedures 
which  must  be  undertaken  immediately  if  recombinant  DNA  is  being  conducted  or 
will  be  conducted  in  the  future." 

Among  the  requirements  which  were  stated  at  that  time  were  that  an  insti- 
tutional biohazards  committee  must  be  established  and  the  composition  of  the 
committee  must  be  reported  to  the  NIH  by  October  15,  1976.  In  addition,  it 
was  stated  in  that  directive  that,  effective  immediately,  all  experiments 
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must  be  conducted  at  the  required  level  of  physical  containment  of  the  just 
then  issued  Guidelines,  and  all  new  experiments  must  use  the  required  level 
of  biological  containment  specified  by  the  Guidelines.  In  addition,  the 
requirement  for  a so-called  Memorandum  of  Understanding  and  Agreement,  or 
MUA,  was  introduced  at  that  time. 

Now,  the  MUA  is  a document  which  includes  the  following  statements.  The 
first  is  an  assurance  that  the  investigator  is  familiar  with  the  Guidelines 
which  were  issued  by  the  NIH  and  agrees  to  abide  by  their  provisions.  The 
second  point  is  a description  of  the  experiments  being  conducted  which  involve 
recombinant  DNA  molecules,  and  this  is  a description  which  is  independent  of 
a more  detailed  description  which  is  contained  within  the  grant  application 
itself.  Thirdly,  there  is  a requirement  for  an  assessment  of  the  levels  of 
physical  and  biological  containment  required  for  the  experiments  by  the 
Guidelines.  Fourth,  a statement  of  the  facilities  and  procedures  which  will 
be  used  to  provide  the  required  levels  of  containment.  Fifth  is  certification 
by  an  institutional  official  that  the  facilities  and  procedures  and  training 
of  the  personnel  have  been  reviewed  by  the  institutional  biohazards  committee 
and  found  to  be  adequate  and  consistent  with  the  requirements  of  the  Guide- 
lines. Sixth  is  an  agreement  that  the  institutional  biohazards  committee 
will  monitor  the  facilities  and  procedures  and  the  training  of  the  personnel 
throughout  the  duration  of  the  project.  And  finally,  there  was  a statement 
that  recombinant  DNA  molecules  being  used  will  not  be  transferred  to  other 
investigators  or  institutions  unless  the  recipient  institution  has  the 
facilities  and  techniques  which  are  adequate,  and  has  a MUA  on  file  with 
the  granting  agency. 

The  requirement  that  this  document,  the  MUA,  be  submitted,  the  date  for 
submission  of  that  was  November  15,  1976. 

In  addition,  that  directive  of  August  26,  1976,  also  brought  to  the 
fore  the  requirement  for  prior  approval,  and  prior  approval  was  required 
for  introduction  of  recombinant  DNA  technology  into  any  project  which  had 
not  been  reviewed  and  approved  for  the  use  of  recombinant  DNA,  and  prior 
approval  by  the  NIH  was  also  required  for  any  significant  alteration  of  an 
approved  protocol. 

In  September  1976  a directive  was  sent  to  NIH  staff  stating  these 
requirements,  and  in  addition,  at  that  time — September  1976 — a requirement 
was  added  that  on  or  after  December  1,  1976,  applications  proposing  to 
conduct  recombinant  DNA  research  must  be  accompanied  by  the  Memorandum  of 
Understanding  and  Agreement  at  the  time  of  submission  of  the  application  to 
the  NIH. 

Furthermore,  a requirement  was  introduced  that  the  initial  review 
groups,  which  in  general  are  the  study  sections  here  at  the  NIH,  in  addition 
to  reviewing  the  scientific  merit  of  the  proposals,  are  responsible  for  an 
independent  assessment  of  the  levels  of  physical  and  biological  containment 
required  by  the  NIH  Guidelines,  and  an  assessment  of  the  adequacy  of  the 
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proposed  containment  levels.  In  addition,  at  that  time  a stipulation  was  made 
that  no  award  could  be  made  by  any  NIH  Institute  without  clearance  from  the 
Office  of  Recombinant  DNA  Activities. 

On  November  30,  1976,  these  requirements  were  issued  in  the  NIH  Guide 
for  Grants  and  Contracts.  In  addition,  at  that  time  a requirement  was  added 
that,  pending  revision  of  the  NIH  application  forms  to  include  a check  box 
indicating  whether  recombinant  DNA  was  or  was  not  involved  (a  check  box 
being  analogous  to  that  used  for  human  experimentation),  that  a statement 
was  to  be  put  on  the  grant  application  that  this  application  does  or  does 
not  involve  recombinant  DNA.  It  was  required  that  this  statement  be  put  on 
the  bottom  of  the  face  sheet  of  all  applications. 

Starting  in  November  1976,  a notice  stating  all  of  these  requirements 
was  inserted  into  all  NIH  grant  application  kits. 

In  August  1977,  a directive  was  sent  to  NIH  staff  which  added  addition- 
al requirements  for  the  processing  of  applications  involving  recombinant  DNA 
technology.  A distinction  was  made  at  that  time  between  the  concept  of  a 
proposed  and  an  approved  MUA,  a proposed  MUA  being  the  MUA  submitted  by  the 
institution  and  the  investigator;  the  approved  MUA  being  the  MUA  which  had 
been  approved,  reviewed,  and  accepted  by  the  NIH. 

Now,  at  that  time  additional  requirements  were  added  to  the  processing 
of  all  recombinant  DNA  applications.  At  the  time  of  receipt  of  the  appli- 
cation in  the  Division  of  Research  Grants,  a mark  is  put  into  the  NIH  computer 
indicating  whether  the  application  involves  or  does  not  involve  recombinant 
DNA.  At  the  time  of  initial  review  by  the  study  sections,  information  is 
inserted  into  the  computer  as  to  whether  the  study  section  review  indicates 
the  application  is  in  compliance,  is  not  in  compliance  with  the  Guidelines,  or 
requires  special  consideration.  At  the  time  of  the  preparation  of  the  summary 
statements,  which  is  the  scientific  merit  review,  the  so-called  pink  sheets, 
the  forms  which  are  generated  by  the  computer,  automatically  contain  the  no- 
tice, "recombinant  DNA  molecules  involved"  and  the  statement  of  whether  the 
initial  review  group  has  found  the  proposal  to  be  in  compliance  or  noncompli- 
ance with  the  Guidelines,  or  needs  special  consideration  for  whatever  reasons. 

In  addition,  at  that  time,  footnotes  were  put  on  all  notice  of  grant 
award  statements  issued  by  the  NIH  for  awards  involving  recombinant  DNA. 

There  are  three  basic  footnotes.  Footnote  1 says  recombinant  DNA  experiments 
shall  not  be  conducted  under  this  award,  and  this  footnote  is  used  for  situa- 
tions in  which  for  any  reason,  scientific  or  concerns  about  biohazards,  the 
recombinant  DNA  aspect  of  the  project  has  been  cut  out  by  NIH. 

There  is  a second  footnote  which  says  that  recombinant  DNA  research  must 
be  conducted  in  compliance  with  the  Memorandum  of  Understanding  and  Agreement 
dated  such  and  such. 

There  is  a third  footnote  which  can  be  used  which  says  that  no  recombi- 
nant DNA  research  may  be  conducted  until  a revised  Memorandum  of  Understanding 
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and  Agreement  has  been  submitted  and  approved  by  the  NIH.  The  latter  foot- 
note is  used  in  cases  where  the  investigator  may  be  proposing  recombinant 
DNA  research  in  a future  year  of  a proposed  project  period,  or,  for  example, 
where  a certain  facility  is  not  quite  ready. 

In  October  of  1977  all  of  these  requirements  were  stated  in  the  NIH  Guide 
for  Grants  and  Contracts.  So  I think  that  is  a summary  of  the  implementation 
procedures  chronologically  that  we  have  at  the  NIH,  and  where  we  are  right 
now. 


DR.  FREDRICKSON:  I suspect  that  we  have  been  overwhelmingly  bureau- 

cratic, and  I would  offer  the  Committee  an  opportunity  for  clarification 
if  it  wanted  to  get  into  any  issues  before  we  have  Dr.  Walters. 

Dr.  Sturgis. 

DR.  STURGIS:  Who  from  NIH  has  the  responsibility  of  this  independent 

check  of  the  physical  and  biological  containment  to  which  you  referred? 

DR.  GARTLAND:  Well,  there  are  checks  at  a number  of  levels.  The  first 

check  comes  at  the  level  of  the  study  section,  which  makes  an  independent 
assessment  of  what  they  feel  is  required  and  whether  the  investigator  meets 
that.  Then  there  is  an  additional  independent  review  in  the  Office  of  Recom- 
binant DNA  Activities,  where,  prior  to  award,  a determination  is  made  whether 
the  application  is  in  compliance.  So  there  are  a number  of  levels  of  review. 

DR.  FREDRICKSON:  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  As  a person  who  served  on  one  of  these  biohazard  com- 

mittees until  fairly  recently,  I was  always  troubled  by  the  phrase,  "monitor 
the  research  to  be  conducted  in  the  laboratory."  I wonder  if  you  have  any 
definition  of  what  is  really  meant  by  that. 

DR.  GARTLAND:  There  are  two  general  types  of  monitoring,  one  of  which  is 

the  formal  monitoring,  which  is  the  requirement  that  at  every  12-month  inter- 
val there  has  to  be  a re-review  of  a Memorandum  of  Under  standing  and  Agree- 
ment by  the  biohazards  committee.  There  is  this  second  area  of  ongoing 
monitoring,  which  I suspect  is  what  you  are  referring  to,  which  is  not  very 
clearly  specified  in  the  Guidelines. 

DR.  FREDRICKSON:  Dr.  Neel. 

DR.  NEEL:  I am  once  again  struck  by  the  paradox  of  the  very  elaborate 

procedures  that  you  have  described,  and  that  those  of  us  in  universities 
are  so  familiar  with,  and  the  lack  of  any  procedures  for  the  pharmaceutical 
industry.  What  is  the  thinking  about  how  they  are  brought  into  the  fold, 
if  not  through  national  legislation? 

DR.  FREDRICKSON:  Dr.  Neel,  I wonder  if  I might  ask  us  to  set  aside  that 
question  and  return  to  it?  It  is,  of  course,  an  important  question,  but  it 
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may  lead  us  away  from  these  generic  aspects  of  implementation,  about  the  roles 
of  principal  investigators  and  institutions  and  then,  more  specifically,  to 
how  they  might  apply  to  different  kinds  of  institutions. 

Dr.  Ginsberg. 

DR.  GINSBERG:  Is  your  office  going  to  set  down  any  regulations  as  to 

what  you  mean  by  training?  What  is  the  local  biohazard  committee  to  do  about 
training?  It  is  not  clear  to  us  on  the  biohazards  committee. 

DR.  GARTLAND:  I suspect  this  is  more  appropriate  to  be  taken  up  with 

the  implementation  section  of  the  Guidelines,  really,  rather  than  my  office 
per  se . 

DR.  FREDRICKSON:  I think  maybe  we  might  move  now  to  a brief  summary 

presentation  from  Dr.  Walters,  who  is  a member  of  the  Recombinant  Advisory 
Committee.  He  is  Director  of  the  Center  for  Bioethics  at  the  Kennedy  Insti- 
tute in  Georgetown. 

Dr.  Walters. 

DR.  WALTERS:  Part  IV  of  the  proposed  revised  Guidelines  is  quite  brief. 

Even  with  the  two  paragraphs  mercifully  printed  in  large  type  on  page  49604, 
it  fills  only  four  columns  of  the  Federal  Register. 

My  comments  will  also  be  brief.  I will  discuss  what  seem  to  me  to  be 
the  four  most  significant  proposed  changes  in  this  section.  First,  the 
composition  of  institutional  biohazards  committees;  second,  the  role  of  the 
biological  safety  officer;  third,  the  certification  procedure;  and  fourth, 
the  exemption  provision. 

Of  these  proposed  changes  the  first  two  clearly  represent  a strength- 
ening of  the  previous  Guidelines.  The  third  clarifies  a certification  pro- 
cedure which  is,  in  practice,  more  stringent  than  that  envisioned  in  the 
1976  Guidelines.  And  the  fourth  allows  for  the  possibility  of  a relaxation 
of  specific  provisions  of  the  Guidelines  in  exceptional  cases. 

First,  the  composition  of  institutional  biohazards  committees.  In  the 
section  of  Part  IV  entitled  B,  Institution,  Federal  Register  page  49604,  the 
proposed  revised  Guidelines  have  added  the  recommendation  that  institutional 
biohazards  committees  include  persons  concerned  with  "applicable  laws,  regu- 
lations, standards  of  practice,  community  attitudes,  and  health  and  environ- 
mental considerations."  This  recommendation  is  parallel  to  current  DHEW 
regulations  on  research  involving  human  subjects,  which  require  that  local 
institutional  review  boards  include  persons  with  similar  competencies.  The 
primary  reason  for  adding  this  recommendation  is  to  ensure  that  a variety  of 
perspectives  and  points  of  view  are  taken  into  account  before  any  research 
proposal  receives  approval  at  the  local  level. 
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Similar  proposals  for  diversifying  the  membership  of  institutional  bio- 
hazards committees  have  recently  been  advanced  by  the  British  Genetic  Manipu- 
lation Advisory  Group,  often  called  GMAG;  by  the  Cambridge,  Massachusetts 
Experimentation  Review  Board;  and  by  several  bills  currently  under  consider- 
ation in  the  United  States  Congress.  The  British  GMAG,  for  example,  has  sug- 
gested that  local  genetic  manipulation  safety  committees  should  include  the 
biological  safety  officer,  the  supervisory  medical  officer,  representatives  of 
research  workers,  technicians,  ancillary  staff,  students,  or  visiting  workers, 
and  a member  of  another  department  or  laboratory. 

Second,  the  role  of  the  biological  safety  officer.  Again  in  Part  IV  B 
on  the  roles  and  responsibilities  of  the  institution,  page  49604,  each  insti- 
tution in  which  research  at  a P3  or  P4  physical  containment  level  is  being 
conducted  is  required  to  designate  a biological  safety  officer.  The  duties 
of  such  a biological  safety  officer  would  be  roughly  analogous  to  those  of 
radiation  safety  officers.  The  language  of  this  proposed  requirement  was 
carefully  chosen  by  the  Recombinant  Advisory  Committee.  The  hiring  of  a 
full-time  biological  safety  officer  is  not  required.  In  fact,  a faculty  or 
staff  member  already  present  at  the  institution  may  be  designated  as  the 
biological  safety  officer. 

The  Recombinant  Advisory  Committee's  concern  is  that  in  each  institu- 
tion at  which  high  containment  research  is  conducted,  a specific  person 
should  be  identified  who  is  administratively  responsible  for  the  implemen- 
tation of  institutional  policies  and  institutional  biohazards  committee 
decisions.  This  new  requirement  will,  in  the  view  of  the  Recombinant 
Advisory  Committee,  enhance  the  effectiveness  of  institutional  biohazards 
committees  by  providing  for  ongoing  oversight  between  the  episodic  meetings 
of  the  local  committee.  A growing  number  of  American  universities  and 
laboratories  have,  on  their  own  initiative,  already  designated  or  appointed  a 
biological  safety  officer.  The  British  Williams  Report  of  August,  1976,  and 
current  British  practice  in  the  monitoring  of  recombinant  DNA  research,  also 
accord  a central  role  to  the  biological  safety  officer. 

Correspondents  commenting  on  the  proposed  revised  Guidelines  were 
divided  in  their  opinions  concerning  the  biological  safety  officer  require- 
ment. One  view  was  that  local  institutions  should  be  allowed  to  work  out 
their  own  administrative  arrangements.  Another  view  was  that  a biohazards 
control  safety  manager  should  be  appointed  in  addition  to  the  biological 
safety  officer.  The  Recombinant  Advisory  Committee  has  sought  to  allow  great 
flexibility  in  the  fulfillment  of  this  new  requirement,  but  believes  that  the 
requirement  itself  will  assist  in  assuring  compliance  with  the  Guidelines. 

Third,  the  certification  procedure.  The  1976  Guidelines  assigned  re- 
sponsibility for  certifying  EK2  and  EK3  host-vector  systems  to  the  Recom- 
binant Advisory  Committee.  In  practice,  however,  since  the  first  EK2  systems 
were  certified  in  1976,  a two-step  certification  procedure  has  been  followed. 
First,  after  review  by  an  expert  subcommittee,  the  Recombinant  Advisory  Com- 
mittee recommends  acceptable  candidate  systems  to  the  Director  of  NIH  for 
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his  certification.  Second,  the  Director  of  NIH  makes  the  final  decision  on 
whether  a particular  system  will  in  fact  be  certified.  The  advantages  of  this 
two-step  procedure  are  that  it  allows  the  Director  of  NIH  to  solicit  ad- 
ditional expert  opinions  and  that  it  clearly  places  final  responsibility  for 
certification  in  the  hands  of  an  identifiable  public  official. 


The  explicit  statement  in  Part  IV  D,  page  49603,  that  the  Recombinant 
Advisory  Committee  merely  recommends  the  certification  of  host-vector  systems, 
should  serve  in  the  future  to  obviate  the  kind  of  misunderstanding  which  has 
sometimes  occurred  during  the  past  year  and  a half. 


Fourth,  the  exemption  provision.  In  Part  IV  D,  again,  page  49605,  a 
paragraph  has  been  added  which  describes  a proposed  administrative  mechanism 
for  making  exceptions  to  the  Guidelines  in  specified  circumstances.  Recom- 
mendations for  such  exemptions  would  be  made  by  the  Recombinant  Advisory 
Committee.  The  final  decision  concerning  such  recommended  exemptions  would 
be  made  by  the  Director  of  NIH.  The  paragraph  on  exemptions  begins  with 
the  general  statement  of  the  possibility  of  a justifiable  exemption  in  ex- 
ceptional circumstances.  It  continues  by  providing  an  example  which  was 
discussed  at  some  length  yesterday,  the  possible  need  for  exemptions  from  the 
Guidelines  in  order  to  allow  risk-assessment  studies  to  proceed.  The  para- 
graph concludes  by  envisioning  the  possibility  of  exemptions  for  specific 
experiments  which  are  currently  prohibited — for  example,  experiments  in  which 
the  inserted  DNA  sequence  would  be  derived  from  a Class  3 pathogen. 


The  general  rationale  for  the  addition  of  the  exemption  paragraph  is  to 
allow  for  a limited  degree  of  flexibility  in  the  application  of  these  encyclo- 
pedic Guidelines  between  annual  or  biennial  revisions.  The  Recombinant 
Advisory  Committee  would  clearly  require  that  compelling  reasons  be  advanced 
before  giving  consideration  to  any  proposed  exemptions.  Final  authority  for 
granting  such  an  exemption  would  rest  with  an  identifiable  public  official, 
the  Director  of  NIH. 

These,  then,  are  the  four  major  changes  in  Part  IV  on  roles  and  responsi- 
bilities. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Walters.  Would  you  remain  there  for 

a moment  while  we  allow  the  Committee  to  comment  or  perhaps  raise  questions 
for  you? 

Dr.  DeRoos. 

DR.  DE  ROOS:  The  question  was  raised  yesterday  by  one  of  the  public 
witnesses,  I believe,  about  whether  or  not  there  was  an  intent  that  the 
biological  safety  officer  be  a physician.  I don't  interpret  it  that  way, 
but  I just  wondered  if  you  would  confirm  that. 

DR.  WALTERS:  That  is  correct,  that  the  intent  is  not  that  this  be  a 

medical  person.  There  is  reference  in  the  duties  of  the  biological  safety 
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officer  to  medical  records,  but  these  presumably  would  be  records  that  were — 
the  histories  of  which  were  taken  by  a medical  person,  not  the  biological 
safety  officer. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Could  you  briefly  describe  the  procedure  that  you  have  used 

in  certification  of  the  EK2  system  in  1976  that  you  mentioned? 

DR.  WALTERS:  Well,  the  procedure  is  spelled  out  in  the  previous  Guide- 

lines, and  perhaps  "spelled  out"  is  stating  it  too  strongly.  The  procedure 
mentioned  in  the  1976  Guidelines  is  that  certification  is  the  responsibility 
of  the  Recombinant  Advisory  Committee.  From  the  beginning,  expert  sub- 
committees— 

MR.  HUTT:  I wonder  if  I could  ask  the  question  this  way.  Was  there 
an  application  filed  with  the  Committee?  Was  that  application  made  public? 

Was  public  notice  of  a meeting  to  consider  the  application  given  in  the 
Federal  Register?  Was  it  done  in  an  open  meeting?  Were  interested  people 
invited  to  attend  and  give  their  comments?  Was  that  in  fact  accomplished? 

That  is  the  kind  of  procedure  I am  interested  in,  in  finding  out  what 
happened . 

DR.  WALTERS:  All  right.  There  was  always  a technical  subcommittee  who 

considered  any  application.  In  fact,  there  were  two  technical  subcommittees, 
one  for  plasmid  host-vector  systems,  and  one  for  bacteriophage  host-vector 
systems.  Those  groups  met,  and  when  their  meetings  were  in  Washington  they 
were  certainly  de  facto  open  to  the  public;  I don't  think  there  was  any  public 
announcement  of  the  meetings  to  the  technical  subcommittees. 

These  applications  were  then  always  considered  at  a publicly  announced 
meeting  of  the  full  Committee.  The  fact  that  an  EK2  application  was  going  to 
be  considered  was  not  explicitly  mentioned  in  the  announcement  of  the  meeting. 
And  then,  of  course,  the  next  step  was  the  Director  of  the  NIH,  and  his  own 
review  of  the  proposal  for  certification. 

MR.  HUTT:  Thank  you. 

MS.  KING:  I would  like  to  ask  a point  of  clarification.  Does  the 

assurance  filed  with  NIH  cover  non-Government  funded  research,  which  it  would, 
for  example,  in  the  human  research  area,  the  experimentation  on  human  subjects 
area? 


DR.  FREDRICKSON:  Ms.  King,  I missed  the  first  part  of  your  question. 

MS.  KING:  Does  the  assurance  filed  with  NIH  also  apply  to  non-Government 

funded  research,  as  it  does  in  the  human  experimentation  area? 

DR.  FREDRICKSON:  There  is  no  regulation  as  there  is  in  the  instance 

of  human  experimentation,  as  you  are  now  aware,  which  would  so  automatically 
make  that  assumption. 
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MS.  KING:  Is  there  anything  that  asks  universities  or  institutions  to 

voluntarily,  with  respect  to  the  institutional  biohazards  committees,  also 
maintain  some  type  of  monitoring  or  surveillance  over  non-Government  funded 
research?  If  you  can't  force  them  to  do  it,  have  we  asked  them  to  do  it 
voluntarily? 

DR.  FREDRICKSON:  No,  not  explicitly,  but  we  have  proposed  some  language 

which  may  be  considered  for  addition  to  the  current  provision  dealing  with 
that  question,  and  we  will  come  back  to  that. 

Sir  John. 

SIR  JOHN  KENDREW:  The  Committee  might  be  interested  to  know  about  what 

happens  in  at  least  one  of  the  European  countries.  Dr.  Walters  mentioned  the 
British  situation,  which  closely  follows  your  proposed  revisions  here.  In 
the  Federal  Republic  of  Germany,  the  guidelines  are  at  the  moment  in  the 
second  draft.  In  the  first  draft,  there  was  a provision  for  a biohazards 
committee  along  the  lines  of  what  is  to  be  found  in  the  draft  here,  but  in  the 
second  draft  all  reference  to  this  committee  has  been  deleted.  It  might,  of 
course,  change  before  the  guidelines  are  finalized,  but  at  the  present  time 
the  German  proposal  is  to  not  have  a local  biohazards  committee. 

Speaking  for  myself  and  having  char&e  of  an  international  laboratory 
constructing  a P4  facility,  but  naturally  as  this  laboratory  is  on  German 
territory,  it  has  to  follow  German  guidelines,  I intend,  despite  the  lack 
of  requirement,  to  have  a biohazards  committee.  I intend  to  create  a com- 
mittee of  this  kind  with  a very  similar  composition  to  that  outlined  in  the 
present  revised  draft  Guidelines  here,  because  I believe  that  it  is  important 
to  have  such  a committee  whether  the  German  guidelines  require  it  or  not. 
Furthermore,  as  to  biological  safety  officer,  I have  already  appointed  a 
biological  safety  officer  who  is  a full-time  staff  member  with  no  other 
responsibilities  except  to  be  biological  safety  officer. 

DR.  FREDRICKSON:  Last  year,  Sir  John,  I visited  with  members  of  the 

Deutsche  Forschungsgemeinschaft  and  the  Max  Planck,  and  the  German  universi- 
ties, and  came  to  the  conclusion  that  the  creation  of  institutional  biohazards 
committees  would  be  an  extraordinary  thing  for  the  current  and  traditional 
German  university  structure.  What  you  tell  me  is  very  interesting. 

Dr.  Sinsheimer. 

DR.  SINSHEIMER:  One  of  the  persistent  problems  with  the  biohazards 

committee  is  that  in  order  to  have  sufficient  expertise  on  the  committee,  you 
need  to  have  investigators  who  are  actually  doing  recombinant  DNA  work,  which 
creates  a small  conflict  of  interest.  Within  a large  committee  this  is 
manageable.  But  I was  wondering  with  regard  to  the  biological  safety  officer 
whether  you  had  given  any  consideration  to  whether  that  could  also  be  a person 
who  was  engaged  in  recombinant  DNA  research. 
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SIR  JOHN  KENDREW:  I believe  that  if  that  safety  officer  is  doing  his 

job  as  a full-time  safety  officer,  that  he  would  not  have  time  to  conduct — 

DR.  SINSHEIMER:  But  it  was  mentioned  that  it  might  not  be  a full-time 
position. 

SIR  JOHN  KENDREW:  Well,  all  I am  saying  as  a matter  of  fact  is  that  I 

have  appointed  somebody  who  is  not  doing  research  in  recombinant  DNA,  but  who 
is  a full-time  biological  safety  officer. 

DR.  WALTERS:  In  response  to  your  question,  I think  the  Committee  worked 

primarily  on  the  concept  of  the  biological  safety  officer  in  drafting  these 
proposed  revisions,  and  did  not  explicitly  consider  the  question  of  whether 
the  person  designated  would  or  would  not  himself  or  herself  be  involved  in 
recombinant  DNA  research. 

DR.  FREDRICKSON:  Dr.  DeRoos , you  are  the  Director  of  the  Department  of 

Environmental  Health  and  Safety  at  the  University  of  Minnesota,  and  you  had 
your  hand  up. 

DR.  DE  ROOS:  I guess  I would  comment  and  heartily  endorse  the  concept  of 

this  revision  to  the  Guidelines  of  a biological  safety  officer. 

DR.  FREDRICKSON:  Are  you  seeking  to  expand  a professional  cast,  Dr. 

DeRoos  ? 

DR.  DE  ROOS:  On  our  own  initiative  we  have  appointed  a biological  safety 

officer  in  the  Department  of  Environmental  Health  and  Safety.  There  is  a 
feeling  that  not  only — although  we  have  a small  effort  in  recombinant  DNA 
research,  that  there  are  many  other  biological  safety  needs  on  the  campus  that 
need  to  be  pursued  in  similar  fashion,  and  that  this  was  a need  that  we  met  on 
our  own  part  as  a result  not  of  being  forced  to  do  it  in  terms  of  guidelines. 
And  I know  many  other  American  universities  are  following  along  that  same 
perspective.  But  certainly  for  those  who  do  have  difficulties  in  selling  this 
concept,  this  certainly  is  appropriate  to  strengthen  that  activity. 

I might  also  add  that  this  appointment  comes  in  a department  which  is 
quite  separate  from  any  of  the  academic  departments,  and  does  not  have  the 
conflict  of  interest  that  one  might  suspect  if  an  investigator,  in  particular, 
was  the  one  with  the  responsibility. 

DR.  FREDRICKSON:  I take  it,  Dr.  Walters,  that — We  have  heard  now  from 

representatives  from  two  very  large  institutions  where  there  is  a great  deal 
of  traffic  in  this  problem.  Do  I understand  that  the  RAC  recommendation, 
however,  was  also  concerned  about  smaller  institutions  where  the  hiring  of  a 
specific  individual  for  this  purpose  for  this  title  might  be  an  excessive 
burden,  or  at  least  a severe  burden,  and  it  is  for  that  reason  that  the  Com- 
mittee in  its  interpretation  of  this  indicated  that  some  member  of  the  staff 
could  do  this  as  part  of  other  duties  if  it  were  possible?  Is  that  right? 
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DR.  WALTERS:  That  was  certainly  the  intent  of  u^ing  the  term  "designate" 

rather  than  "appoint"  or  "hire." 

DR.  FREDRICKSON:  You  omitted  an  explicit  demand  that  such  a person  be 

h ired . 

DR.  WALTERS:  But  it  may  be  that  the  point  that  has  been  raised  is  a 

valid  one  in  that  someone  at  the  institution  who  is  not  currently  involved  in 
recombinant  DNA  research  himself  or  herself  would  be  the  most  appropriate 
candidate  for  such  designation. 

DR.  FREDRICKSON:  Mr.  Beaty. 

MR.  BEATY:  In  footnote  nine  of  proposed  revisions,  the  provision  is 

described  for  setting  up  an  area  biohazard  committee.  I assume  that  would 
be  auxiliary  to  a local  institutional  biohazard  committee.  As  I understand 
it,  something  similar  to  this  has  been  set  up  in  Cambridge.  It  seems  to  me 
that  there  might  be  jurisdictional  problems  which  would  arise  between  having 
two  committees  serving  the  same  area.  Would  you  expand  on  that,  and  what 
sort  of  structure  you  recommend? 

DR.  WALTERS:  My  understanding  is  that  there  would  not  be  a duplication 

of  functions  between  a local  and  an  area  committee,  but  where  one  institution 
simply  did  not  have  enough  faculty  members  trained  in  the  area  of  molecular 
biology  to  constitute  its  own  biological  safety  committee,  several  local 
institutions  would  go  together,  pool  their  resources,  and  set  up  one  area 
biohazards  committee. 

MR.  BEATY:  Is  it  conceivable  that  this  could  be  interpreted  such  that 

there  would  be  two  committ  '‘s  serving  the  same  area,  and  that  jurisdiction- 
al disputes  would  develop? 

DR.  WALTERS:  I suppose  it  is  conceivable,  and  perhaps  clarifying  lan- 

guage ought  to  be  added  to  that  footnote. 

DR.  FREDRICKSON:  We  will  note  that  comment,  Mr.  Beaty. 

Dr.  Ahmed. 

DR.  AHMED:  You  have  designated  a requirement  for  safety  officer  only 

for  those  institutions  that  have  P3  and  P4  facilities.  Right  now  there  aren't 
any  P4 , and  only  about  a handful  of  P3  institutions.  Isn't  that  correct? 

DR.  WALTERS:  Yes.  Well,  I don't  know  about  a handful.  Do  you  have  the 

figure  on  the  number  of  P3  facilities? 

DR.  AHMED:  It  couldn't  be  more  than  about  13.  I went  through  the  list. 

DR.  GARTLAND:  There  are  37  P3  projects  right  now. 
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DR.  AHMED:  Thirty-seven?  But  in  terms  of  institutions,  aren't  they  many 

of  them  happening  in  the  same  place,  or  are  they  all  37  different  insti- 
tut ions  ? 


DR.  GARTLAND:  I can't  answer  that  right  now. 

DR.  AHMED:  Okay.  The  question  I have  is  why  not  P2 , for  example?  And 

it  is  very  likely  that  any  place  that  P2  work  is  going  on,  that  eventually 
there  will  be  a P3  facility  being  requested.  Couldn't  they  sort  of  set  up 
the  mechanism  now  in  order  for  the  officer  to  become  more  familiar  with  his 
responsibilities,  and  be  more  knowledgeable  about  what  is  expected  of  him? 

DR.  WALTERS:  On  this  point,  the  Committee  discussed  the  possibility 

of  having  biological  safety  officers  at  all  facilities  doing  recombinant  DNA 
research,  even  at  the  PI  level,  and  decided  to  take  an  incremental  approach, 
beginning  with  the  requirement  at  P3  levels  of  containment.  I suppose  that 
that  is  a judgment  by  the  Committee  that  the  potential  risks  in  P3  and  P4 
research  are  greater  than  in  P2  and  PI. 

DR.  AHMED:  In  one  case  you  have  the  words  "shall  designate,"  but  you 

could  also  provide  for  the  possibility  in  which  you  don't  have  the  "shall 
designate"  for  P2  facilities.  They  could  initiate  it  like  many  places  have 
already  initiated  such  programs.  Some  directive  from  NIH  may  be  useful  in 
this  regard. 

DR.  FREDRICKSON:  Dr.  Ginsberg. 

DR.  GINSBERG:  I would  only  like  to  make  a brief  comment,  and  that  is  to 

commend  the  Committee  on  the  language  so  that  it  is  relatively  flexible.  One 
of  the  great  problems  that  universities  have  today  is  the  building  up  of 
layers  of  bureaucracy  which  are  very  hindering  to  research,  and  take  up  an 
awful  lot  of  people's  time  to  do  nothing.  I think  that  this  helps  to  elimi- 
nate that  as  much  as  possible. 

DR.  FREDRICKSON:  Dr.  DeRoos . 

DR.  DE  ROOS : I would  just  reinforce  that  comment  that  was  just  made 

here,  that  certainly  they  do  need  that  flexibility,  and  it  is  very  analogous 
to  a radiation  protection  officer  situation,  where  in  smaller  institutions  an 
appointment  can  be  made  where  maybe  they  only  use  radioisotopes  in  one  labora- 
tory, and  it  is  just  impractical  for  that  institution  to  appoint  a full-time 
individual  for  that. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Is  it  contemplated  that  the  safety  officer  will  have  a did- 

actic function  as  well  as  a regulatory  function,  if  you  will.  That  is  to  say, 
will  he  be  trained  at  all?  And  another  part  of  that  would  be  will  he  be 
trained,  for  example,  any  particular  place?  Will  there  be  standards  for  being 
a safety  officer?  And  then  having  acquired  that  knowledge,  will  he  then  be 
expected  to  teach  it  to  others  as  well  as  to  follow  up  and  monitor? 
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DR.  WALTERS:  I think  in  the  long  term  those  are 

functions  for  the  biological  safety  officer.  I think 
that  there  is  not  at  this  point  standardized  training 
they  come  from  a variety  of  backgrounds.  I think,  as 
standard  curriculum  and  a certification  procedure  will 
persons . 


all  very  desirable 
the  concept  is  so  new 
for  such  persons,  and 
time  goes  on,  no  doubt 
be  developed  for  such 


a 


MR.  HELMS: 
remarks  later. 


I would  just  suggest  that — well, 


perhaps  I can  put  that 


in  my 


DR.  FREDRICKSON:  Any  comments  or  questions?  We  have  12  witnesses,  so 

may  we  — 

Dr.  Gartland. 


DR.  GARTLAND:  I would  1 
earlier,  and  that  is  that  the 
review  the  proposed  EK2  phage 
Register , they  are  open,  publ 
and  available  at  the  meeting 


ike  to  respond  to  something  that  Mr.  Hutt  asked 
meetings  of  the  technical  subcommittees  that 
and  plasmid  systems  are  announced  in  the  Federal 
ic  meetings,  and  the  documents  are  distributed 
to  anyone  who  wishes  to  see  them. 


MR.  HUTT:  But  was  it  made  clear  in  the  Federal  Register  announcement  of 
those  meetings  that  the  applications  had  been  received  and  were  available  for 
anyone  who  wished  to  inspect  them  ahead  of  time,  and  that  that  specific  sub- 
ject would  be  taken  up? 


DR.  GARTLAND:  Not  explicitly. 


DR.  FREDRICKSON:  . Professor  Rosenblith. 

PROFESSOR  ROSENBLITH:  Just  to  answer  one  question  that  was  raised 

earlier,  and  to  reinforce  another  remark,  the  Cambridge  Biohazards  Committee 
is  not  a biohazards  committee  that  is  responsible  in  any  direct  way  for  either 
of  the  two  Cambridge  institutions.  They  have  their  separate  biohazards  com- 
mittee which  deals  with  the  sovereignty  of  Cambridge  through  the  Cambridge 
City  Biohazards  Committee.  In  other  words,  that  is  a completely  different 
story . 


I was  a little  surprised  not  to  hear  in  the  chronology  of  implementation 
the  kind  of  pathology  that  arises  when  local  requirements  come  in  some  kind  of 
conflict  with  those  that  exist  at  a Federal  level.  I do  have  to  say  that  in 
terms  of  university  regulatory  apparatus,  which  is  at  the  present  time  growing 
probably  faster  than  any  academic  field,  that  in  that  respect  we  are  really 
very,  very  grateful  that  no  rigid  kinds  of  measures  are  being  suggested  here. 
We  have  in  the  past  several  years  had  to  reorganize  our  whole  safety  and 
environmental  health  area.  We  have,  as  you  heard  yesterday,  appointed  a 
biological  health  and  safety  officer  whose  obligations  are  still  growing  con- 
siderably as  he  discovers  the  lay  of  the  terrain.  But  I do  think  it  is  im- 
portant to  realize  that  the  cost  of  that  regulatory  apparatus  is  a very  pro- 
hibitive overhead  on  the  way  in  which  research  is  being  done,  in  addition  to 
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creating  its  own  demands  in  terms  of  papers,  meetings,  and  other  bureaucratic 
act ivi t ies  . 

DR.  FREDRICKSON:  Ms.  King. 

MS.  KING:  I would  like  to  say  that  I am  somewhat  in  sympathy  but  some- 

what dismayed  at  the  remarks  that  were  just  made.  It  seems  to  me  that  when 
one  has  a monitoring  system  that  has  to  rest  on  what  happens  in  a local 
institution,  and  you  have  a public  that  is  concerned  about  that  research,  then 
one  does  have  a problem.  And  either  we  should  seriously  consider  doing 
monitoring  at  some  other  level  than  at  local  institutional  levels,  or  we 
should  seriously  talk  about  funding  or  helping  institutions  pay  for  some  of 
the  requirements  that  we  impose  upon  them.  I am  not  so  sure  I join  with  all 
these  sentiments  about  the  flexibility  of  the  DNA  regulations,  but  I am 
somewhat  in  sympathy  with  the  costs  that  regulations  in  this  and  other  areas 
would  impose.  It  would  seem  to  me  that  one  of  the  things  that  we  might 
consider  down  the  road  is — I know  another  commission  that  I am  on  is  con- 
sidering this,  and  that  is  the  Federal  Government  picking  up  some  of  the  costs 
through  its  grant  program,  of  some  of  the  regulations  that  it  is  imposing. 

<* 

DR.  FREDRICKSON:  Ms.  King  is  a member  of  the  National  Commission  for 

the  Protection  of  Human  Subjects. 

PROFESSOR  ROSENBLITH:  If  I may  just  reply  for  a minute  to  Ms.  King,  I 
don't  think  that  she  and  I are  that  far  apart.  I think  by  what  we  have  done 
locally--I  mean,  in  our  own  institution  we  have  recognized  our  public  re- 
sponsibility and  our  accountability,  but  the  problem  is  that  to  build  this 
into  a university  is  a very  tough  job,  both  financially  and  also  in  terms  of 
structure . 

DR.  FREDRICKSON:  Dr.  Gustafson. 

DR.  GUSTAFSON:  I agree  that  there  are  the  cost  problems,  and  as  one 

who  sits  on  these  committees,  time  problems,  but  I think  there  is  another 
issue  at  stake,  and  that  is  that  there  are  some  principles  by  which  we  would 

say  we  would  rather  have  a range  of  discretionary  judgment  safeguarded  in  the 

Guidelines,  assuming  accountable  and  responsible  local  people.  Is  that  our 
disposition,  or  is  our  disposition  to  have  clear,  precise  language  which 
covers  all  possibilities.  I think  that  is  not  merely  a matter  of  practical 
consideration  in  terms  of  institutional  costs,  although  that  is  a factor.  But 
it  seems  to  me  that  is  a really  fundamental  matter  that  a committee  of  this 

sort  has  to  come  to  some  judgment  on,  because  you  go  down  one  street  and  you 

are  going  to  hear  from  one  part  of  the  public.  You  go  down  the  other  street 
and  you  are  going  to  hear  from  the  other  part  of  the  public.  I don't  worry 
about  that  so  much. 

I think  we  have  really  got  to  decide,  and  there  are  various  factors  and 
arguments  that  go  into  this,  but  we  really  have  to  decide  whether  we  believe 
in  a range  of  discretionary  judgment  on  the  part  of  institutions  and  responsi- 
ble parties,  or  whether  we  want  precise  and  primarily  a juridical  relationship 
to  institutions  rather  than  a guideline  relationship. 
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DR.  FREDRICKSON:  One  final  question,  Dr.  Walters.  It  has  been  suggested 

by  a commentator,  perhaps  because  in  his  view  we  are  dealing  here  with  purely 
hypothetical  hazards,  that  these  committees  be  called  biosafety  rather  than 
biohazards  committees.  Did  your  committee  have  any  feeling  about  that? 

DR.  WALTERS:  That  suggestion  came  in  subsequent  to  the  last  meeting 
of  the  Recombinant  Advisory  Committee.  I have  puzzled  about  that  sugges- 
tion somewhat.  It  is  a biological  safety  officer  rather  than  a biohazards 
officer  at  the  local  institution,  and  there  may  be  good  grounds  for  accent- 
ing the  positive  so  long  as  one  doesn't  forget  the  potential  of  hazards. 

DR.  FREDRICKSON:  Thank  you  very  much,  Dr.  Walters. 

DR.  GINSBERG:  At  least  one  university  has  already  gone  ahead  on  that 

without  a change  in  the  Guidelines. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Ginsberg. 

Let  us  go  on  now  to  hear  from  the  invited  witnessess  in  this  area.  There 
will  be  opportunity  for  the  Committee  to  interchange  with  them  as  before.  I 
must  remind  those  who  may  be  entering  the  docks  for  the  first  time  that  we 

have  a strict  five-minute  time  limit.  You  will  receive  a 30-second  warning. 

Very  often  you  have  time  to  extend  your  comments  in  interchange  with  the 
Committee . 

I am  first  going  to  call  on  Dr.  David  T.  Suzuki.  Dr.  Suzuki 
broadcaster  as  he  lists  himself  here.  He  is  a geneticist,  one  of 
known  geneticists  in  Canada.  We  welcome  him  to  both  this  country 
meet ing . 

DR.  SUZUKI:  Thank  you  very  much. 

I am  afraid  I have  come  down  with  the  flu,  and  I guess  you  could  call  it 
an  Asian  flu  since  it  is  affecting  me.  The  only  reason  I came  down  was  the 
tremendous  ego  trip  of  being  a boy  from  the  boondocks  being  invited  down  to  an 
august  body  like  this  to  talk. 

I don't  know  if  I can  squeeze  this  into  five  minutes,  and  I ask  your 
indulgence . 

I am  afraid  I sit  here  a bit  like  a wart,  because  I am  really  not  that 
concerned  with  the  details  of  the  Guidelines.  My  concerns  are  other.  For  the 
past  20  years  science  has  been  the  dominant  element  of  my  life,  giving  me 
great  joy  and  surprise  beyond  my  wildest  dreams.  I care  passionately  about 
science  as  the  highest  form  of  intellectual  activity  in  our  culture,  and  it  is 
in  a long-term  social  context  that  I see  the  importance  of  the  recombinant  DNA 
issue.  What  has  excited  me  about  the  public  interest  in  recombinant  DNA  was 
the  hope  that  scientists  would  have  forced  upon  them  a sense  of  social  re- 
sponsibility while  the  public  would  be  educated  about  the  nature  of  science. 
Neither,  I am  afraid,  has  happened. 


is  a science 
the  better 
and  this 
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I have  been  a certified  Drosophila  geneticist  for  16  years,  and  for 
the  past  seven,  people  in  my  lab  have  been  involved  in  finding  the  chromosome 
locations  of  T,  R,  and  A genes.  Several  laboratories  using  plasmids  with 
Drosophila  DNA  will  render  our  work  obsolete  within  a year,  so  you  can  imagine 
the  pressure  within  my  group  to  get  in  on  the  action  ourselves.  Indeed,  my 
colleague,  Gordon  Tenner,  in  biochemistry,  has  received  a special  grant  to 
build  containment  facilities  in  accordance  with  the  Medical  Research  Council 
of  Canada’s  Guidelines.  Nevertheless,  I have  pledged  not  to  allow  any  recom- 
binant DNA  work  to  be  done  in  my  laboratory,  nor  will  my  grant  or  name  be 
cited  on  any  papers  reporting  such  work.  I say  this  not  because  I have  any 
fear  of  accidental  escape  of  a dangerous  bug,  because  I feel  there  is  indeed 
very  little  evidence  to  support  such  a scenario.  May  I say  parenthetically, 
though,  I am  astounded  at  the  confidence  microbiologists  feel  they  have  with 
regard  to  the  predicted  properties  of  microorganisms.  Surely  it  is  the  unex- 
pected in  dealing  with  living  organisms  that  makes  experiments  worth  doing. 
They  are  not  always  so  predictable.  And  in  view  of  the  16-  to  20-year  time- 
lag  found  between  cause  and  effect,  as  was  the  case  with  DES  and  cancer,  and 
the  very  small  changes  that  could  only  be  seen  with  massive  numbers  as  is  the 
case  with  the  birth  control  pill  and  blood  clots,  surely  it  is  premature  to 
speak  of  total  confidence  about  the  safety  of  these  novel  bugs.  But  that  is 
a digression. 

I will  not  do  work  with  recombinant  DNA  because  at  my  age  science  has 
given  me  more  than  I ever  expected,  and  I get  an  enormous  vicarious  kick 
when  I hear  about  everyone's  elegant  experiments.  So  I feel  if  some  of  us 
can  remain  uninvolved  personally,  we  should  be  less  biased  in  our  discussions 
about  the  long-term  implications  of  DNA  research. 

My  reasons  are  very  personal,  and  with  your  indulgence,  I would  like  to 
tell  you  about  some  of  them.  I was  born  in  Canada  of  Canadian  parents  in 
1936.  On  December  7,  1941,  the  Japanese  attacked  Pearl  Harbor.  In  January 
of  1942  I was  sent  to  a concentration  camp  for  four  years  for  committing  the 
crime  of  having  genes  that  came  from  Japan  three  generations  ago.  General 
DeWitt,  the  commander  in  charge  of  the  incarceration  of  Japanese-Americans , 
indicated  the  prevalent  attitude  in  his  infamous  statement,  "A  Jap  is  a Jap. 

It  doesn't  matter  where  they  are  born;  they  are  sneaky  and  can't  be  trusted." 
Now,  that  is  a statement  about  genetics,  that  deceit  and  treachery  are  racial- 
ly inherited  traits.  DeWitt's  statement  didn't  spring  out  of  the  blue.  It 
was  fostered  by  a social  climate  made  possible  in  large  part  by  the  scientific 
claims  made  by  some  of  the  most  eminent  biologists  and  geneticists  in  the 
early  part  of  the  twentieth  century.  Extrapolating  from  fur  color  in  guinea 
pigs  and  egg-laying  in  chickens,  geneticists  were  concerned  for  the  quality 
of  the  human  gene  pool  in  terms  of  intelligence,  criminality,  and  poverty. 

Hitler's  state-run  eugenics  program  didn't  spring  full-blown  from  one 
madman's  brain.  It  was  made  possible  by  the  contributions  of  some  of  the 
finest  minds  in  world  science.  I don't  want  to  belabor  this,  but  I think  as 
the  amount  of  scientific  information  has  exploded  since  the  Second  World  War, 
and  scientists  have  had  to  concentrate  on  an  increasingly  narrow  range  of 
topics,  we  have  lost  all  sense  of  historical  perspective,  and  of  the  cultural 
context  within  which  science  fits. 
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In  Canada  our  students  begin  to  specialize  in  science  in  high  school.  In 
college  they  earn  bachelor  of  science  degrees  without  ever  having  had  a course 
in  literature,  art,  history,  philosophy,  or  religion.  As  well,  by  the  time 
they  are  practicing  scientists,  papers  older  than  ten  years  are  generally 
referred  to  as  classics — that  is,  worth  citing  but  not  reading.  So  in  order 
to  stay  at  the  cutting  edge  of  research  they  have  to  be  tunnel-visioned. 

I think  that  we  as  scientists  today  are  incapable  of  understanding  what 
the  real  implications  and  long-term  applications  of  our  work  will  be.  We 
don't  have  the  breadth,  time,  or  interest  to  find  out. 

Several  years  ago  Roland  Hotchkiss  wrote  in  an  editorial  in  Science , 
and  I quote,  "Many  of  us  feel  an  instinctive  revulsion  at  meddling  with  the 
finely  tuned  factors  that  make  an  individual  what  he  is,  yet  I believe  it 
will  be  done.  The  path  will  be  built  by  a combination  of  altruism,  private 
profit,  and  ignorance."  And  Philip  Abelson,  the  editor  of  Sc ience , wrote 
in  the  same  editorial,  "I  agree.  Geneticists  will  have  high  ideals  for  the 
application  of  their  knowledge.  In  practice,  power  to  apply  that  knowledge, 
as  was  the  case  with  nuclear  energy,  will  come  to  rest  in  other  hands." 

I believe  that  we  are  all  contributing  the  tools  for  a technology  that 
will  ultimately  be  used  to  alter  the  human  genotype.  Who  will  do  it?  On 
what  scale?  Why  will  it  be  done?  I don't  know.  But  the  current  interest 
in  sociobiology,  race,  social  class  and  IQ,  innate  aggressiveness  and  terri- 
toriality, suggest  to  me  a social  climate  in  which  genetic  engineering  will  be 
quite  acceptable. 

Suppose,  for  example,  that  I were  to  tell  you  there  is  a genotypical- 
ly distinct  class  of  people  who,  at  the  moment  of  conception,  could  be  pre- 
dicted to  have  a high  probability  of  never  finishing  high  school,  of  having 
IQs  below  100,  of  being  impoverished,  malnourished,  involved  in  crime,  and 
dying  prematurely.  Would  it  be  a good  class  to  tamper  with  genetically?  Of 
course,  what  I have  just  described  are  blacks  in  ghettos  and  Indians  on 
reserves,  and  here,  clearly,  it  is  not  the  genotype  that  causes  the  problems, 
but  the  social  attitudes  of  the  society  around.  I wonder  whether  we  will  take 
the  easy  way  out  of  solving  racism  by  looking  at  the  changing  of  race  rather 
than  changing  society? 

Would  we,  for  example,  find  it  easier  to  tamper  with  the  human  genotype, 
to  make  the  human  physiology  tolerate  a higher  level  of  a pollutant  rather 
than  cleaning  up  the  environment?  I fear  humans  tampering  with  the  human 
genotype,  not  because  it  is  against  God  or  is  unnatural,  but  because  humans 
have  had  a history  of  inventing  very  powerful  tools  and  technologies  without 
the  wisdom  to  use  them  properly. 

I realize  all  of  this  may  seem  very  outrageous  to  many  of  you.  I don't 
mean  in  any  way  to  impugn  the  motives  of  anyone  here,  or  people  who  have 
been  involved  in  the  discussions.  But  a simple  look  at  history  shows  us 
how  misguided  people  have  been  for  reasons  of  their  limited  vision,  vested 
interest,  and  even  good  intentions. 
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DR.  FREDRICKSON:  Are  there  any  questions  or  comments  from  the  Committee? 

Thank  you  very  much. 

DR.  SUZUKI:  I am  sorry,  I didn't  get  to  the  crunch,  which  was  to  say, 

Well,  what  do  we  do  about  it? — and  maybe  that  is  for  another  time. 

DR.  FREDRICKSON:  We  will  proceed  with  the — Mr.  Helms. 

MR.  HELMS:  Can  I ask  the  witness  what  recommendations  he  has  with 
respect  to  these  Guidelines,  or  are  they  completely  inappropriate  and  beyond 
the  circumstances — 

DR.  SUZUKI:  I must  say  with  respect  to  that,  I have  been  incredibly 

impressed  at  how  seriously  people  are  taking  the  Guidelines  and  working  to  try 
to  live  up  to  them.  I think  it  is  a very  healthy  process.  But  I think  that 
we  delude  ourselves  in  thinking  that  by  establishing  Guidelines  we  are  somehow 
dealing  with  the  issue,  because  I think  the  issues  are  far,  far  more  profound 
than  whether  or  not  we  are  going  to  let  a few  bugs  out,  and  I don't  see  any 
mechanism  to  deal  with  these  other  issues. 

MR.  HELMS:  What  I am  trying  to  get  at  here  is  would  you  recommend, 

if  it  were  yours  to  recommend,  the  cessation  of  this  work,  or  would  you  rather 
hold  yourself  up  as  a sort  of  a light  in  what  you  consider  to  be  a dark, 
philosophical  area  that  people  can  look  at  from  time  to  time  to  see  where 
they  are  going? 

DR.  SUZUKI:  I never  try  to  hold  myself  up  as  a beacon  for  anyone.  No, 

I have  no  recommendation  at  all  about  another  moratorium  or  anything  like 
that.  What  I would  like,  though,  is  the  establishment — well,  I had  three 
recommendations  at  the  end.  I think  that  the  scientific  community  has 
seriously  got  to  get  into  the  business  of  educating  the  public,  and  that  is 
something  that  has  been  given  lip  service  to  for  years  and  years,  but  in  fact 
the  scientific  community's  attitude  toward  popularizers  of  science  is  that  it 
is  a third-rate  activity;  I mean,  it  is  an  activity  of  third-rate  minds;  it  is 
a vulgar  activity,  and  something  that  you  really  don't  pay  much  attention  to. 

I believe  that  in  the  long  run  an  educated  public  is  one  that  is  going 
to  demand  that  at  the  least  its  politicians  understand  science  and  have 
positions  on  scientific  issues. 

MR.  HELMS:  May  I,  since  I happen  to  subscribe  to  some  of  those  views 

very  particularly,  as  you  will  see  when  I make  some  comments  later  on  today 
— I would  find  it  extremely  useful  if  you  would  put  on  paper,  so  that  we  could 
have  it  as  a committee,  your  recommendations  for  improving  communications, 
because  I think  that  is  the  bottom  of  the  whole  thing. 

DR.  FREDRICKSON:  Dr.  Shaw  has  a question. 
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DR.  SHAW:  It  comes  up  time  and  time  again  that  all  of  these  technologies 

are  subject  to  abuse,  and  I am  certain  that  we  are  aware  of  it.  But  one  thing 
that  has  not  been  addressed  at  this  meeting  has  been  the  benefits  or  the  uses, 
whether  we  have  any  more  concrete  understanding  or  prediction  as  to  what 
beneficial  effects  may  come  from  recombinant  DNA  research.  We  heard  about 
dripping  insulin  out  of  plants  as  maple  sugar  drips  out,  and  this  sort  of 
thing,  but  there  was  more  talk  about  that  a year  and  a half  ago  than  there  is 
now,  and  I wonder  if  scientists  are  not  addressing  the  issue  of  applications 
of  recombinant  DNA. 

DR.  SUZUKI:  I think  something  that  scientists  are  pretty  reluctant  to 

admit  is  that  the  two  primary  users  of  science  today  are  the  military  and 
industry.  These  two  groups  are  concerned  with  profit  and  power,  and  I don't 
again  mean  to  imply  any  kind  of  evil  intent  on  the  part  of  either  of  these 
groups,  but  I think  so  long  as  profit  and  power  are  the  primary  motivations, 
then  the  people  who  are  going  to  end  up  using  them,  or  being  affected  by  them, 
the  general  public,  are  not  going  to  really  come  into  the  consideration  unless 
they  have  some  input  into  the  whole  process. 

DR.  FREDRICKSON:  Dr.  Gustafson. 

DR.  GUSTAFSON:  I have  a comment  not  to  Dr.  Suzuki,  but  picking  up  on 

Margery  Shaw.  This  is  a non-mathematician's  curiosity  about  probabilities. 

If  one  does  probabilities  on  risks,  can  one  also  do  probabilities  on  bene- 
fits? And  if  we  operate  in  a procedure  on  that  side  in  terms  of  our  suspi- 
cion, ought  we  not  to  operate  the  same  procedure  in  terms  of  prospects,  so 
that  we  get  a fairer  picture  of  the  use  of  probabilities  in  these  sorts  of 
things?  That  is  a purely  non-mathme t ic ian ' s imagination  working,  but  I don't 
see  why  it  wouldn't  work,  and  in  fairness  we  ought  to  do  it  on  one  side  if  we 
do  it  on  the  other. 

DR.  FREDRICKSON:  The  public  process  seems  to  be  more  applicable  to 

pessimism  than  to  optimism  for  some  peculiar  reason. 

I am  going  to  proceed  now,  and  I must  remind  the  remaining  witnesses 
that  it  was  a pleasure  to  give  Dr.  Suzuki  who  has  come  so  far  and  who  was 
ill,  a little  more  time  than  we  usually  allot,  but  we  will  go  back  to  the 
rigorous  time  schedule. 

I am  going  to  call  now  on  Mr.  Sheldon  Samuels  who  is  a member  of  the 
staff  subcommittee  on  Recombinant  DNA  Research  of  the  Industrial  Union 
Department  of  the  AFL-CIO.  Mr.  Samuels. 

MR.  SAMUELS:  Thank  you  very  much,  Dr.  Fredrickson,  Dr.  McCarthy, 

Dr.  Finklea.  I have  to  correct  my  title.  I am  Director  of  Health,  Safety 
and  Environment  for  the  Industrial  Unions,  but  I am  here  in  the  capacity  of 
the  chairman  of  our  subcommittee  in  the  AFL-CIO,  cochaired  by  Dr.  Chamot, 
who  will  follow  me  on  this  issue. 
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You  may  wonder  why  in  the  labor  movement  we  have  created  a subcommit- 
tee, a rather  unusual  subcommittee,  on  this  issue.  I would  like  to  remind 
you  that  universities  and  other  research  centers  are  places  of  employment, 
and  despite  what  you  may  read  in  the  Washington  Post,  we  are  still  the  largest 
single  institution  in  this  country.  We  represent  people. 

Now,  really  what  you  have  done  in  creating  the  Guidelines — and  we 
compliment  the  initiative  of  NIH  in  this — is  to  begin  the  work  that  will 
have  to  be  completed  by  the  Occupational  Safety  and  Health  Administration. 

You  have  begun  the  work  of  creating  a standard  which,  under  that  Act,  is 
not  a simple  procedure  or  an  environmental  value  or  even  a biological  value. 

It  is  a participatory  system  of  information  and  control  which,  by  law,  will 
be  forthcoming.  I have  been  assured  that  it  will  be  forthcoming  by  the 
Associate  Solicitor  of  the  Department  of  Labor  for  OSHA  and  from  the  Assistant 
Secretary  for  OSHA,  Dr.  Bingham. 

Now,  first  of  all,  OSHA  has  some  mixed  jurisdictions  in  this  field. 
Clearly,  in  the  private  sector,  including  NIH  contractors  and  grantees, 

OSHA  is  a mandate.  In  the  State  institutions  the  situation  is  not  clear, 
although  State  plans  can  make  provisions  for  the  standards;  and  if  OSHA  does 
have  a standard,  and  I think  they  will,  it  will  be  almost  automatic  that  those 
States  that  are  in  the  system  will  also  have  to  develop  standards  and  those 
States  outside  of  the  system  can  develop  a special-purpose  standard  and  State 
plan.  The  Federal  institutions  are  covered  by  Executive  Order  issued  under 
OSHA. 

But  the  NIH  Guidelines  as  interim  measures,  and  as  means  of  estab- 
lishing that  recognition  of  hazard  necessary  to  the  implementation  of  the 
general  duty  clause  of  the  Act,  is  welcome. 

In  terms  of  our  specific  criticism,  I realize  that  my  time  has  to  be 
truncated.  The  proposal  I would  like  to  express  my  concern  about  is  the 
delegation  of  responsibility  locally  when  the  fact  is  than  an  inspectorate 
will  be  necessary,  and  NIH  for  the  time  being  will  have  to  provide  that 
inspectorate.  Now,  I realize  that  NIH  does  not  want  to  be  a regulator.  That 
is  a role  which  they  obviously  find  in  distaste.  It  is  felt  by  one  reading 
the  proposal.  But  it  is  not  necessarily  appropriate  for  NIH  to  have  such  a 
role,  but  I would  think  that  NIH  could  help  by  using  their  contract  mechanism 
to  open  this  new  technology  to  the  most  effective  form  of  regulation  at  this 
point,  and  that  is  peer  review  of  all  work  being  done  everywhere  in  this 
country. 

We  would  reject  any  concept  of  trade  secret  in  this  new  technology.  We 
feel  it  cannot  be  permitted.  Public  reports,  site  visits  by  risk  review 
committees  as  proposed  would,  hopefully,  be  composed  of  reviewers  chosen  by 
NIH  under  existing  procedures  governing  conflict  of  interest.  Not,  certainly, 
discouraging  local  committees.  Indeed,  they  ought  to  be  mandatory,  but  they 
must  also  meet  Federal  regulations  for  advisory  committees  and  must  include, 
by  law,  a representative  of  employees. 
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Now,  I am  going  to  summarize  in  30  seconds  by  simply  saying  that  this 
is  not  a research  problem,  and  we  must  face  the  unpleasantness  that  is  related 
to  any  activity  with  great  economic  impact,  and  that  unpleasantness  is  the 
possibility  and — in  fact,  given  the  amounts  of  monies  that  will  be  involved — 
the  almost  probability  that  there  will  be  conscious  criminality  involved,  and 
therefore  some  kind  of  police  action  needs  now  to  be  planned  for. 

The  final  point  has  to  do  with  research  done  abroad.  We  fully  expect 
that  havens,  unregulated  havens,  will  be  created  for  this  technology  as  it 
has  been  for  others.  The  policy  of  our  department  in  the  AFL-CIO  is  that  this 
country,  in  the  face  of  that  kind  of  threat,  must  take  unilateral  and  multi- 
lateral international  economic  and  political  action. 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Mr.  Samuels. 

Are  there  questions  or  comments  from  the  Committee?  You  may  wish  to 
wait  until  Dr.  Chamot,  who  is  also  from  the  AFL-CIO,  speaks,  and  perhaps 
you  can  query  them  together. 

The  next  witness  is  Dr.  Dennis  Chamot,  who  is  from  the  Department  for 
Professional  Employees,  AFL-CIO,  in  Washington. 

DR.  CHAMOT:  Thank  you.  I appreciate  the  opportunity  to  speak  before 

you  today  as  a representative  of  the  public,  for  it  will  be,  after  all, 
citizens  uninvolved  with  the  current  research  with  recombinant  DNA  who 
ultimately  will  benefit  or  suffer  from  the  results  of  these  experiments.  I 
do  not  claim  great  expertise  in  microbiology.  Indeed,  ray  formal  training 
was  in  organic  chemistry  involving  nonliving  systems;  however,  in  the  past 
I have  spent  several  years  as  a researcher  in  academic  laboratories  and  a 
few  years  in  industrial  laboratories,  and  I think  I know  something  about 
people  and  how  they  behave  in  these  environments. 

Our  main  concern,  of  course,  stems  from  the  possible  results  of  miscalcu- 
lations, both  the  underestimation  of  risks  for  particular  experiments  as  well 
as  overestimation  perhaps  of  the  extent  to  which  voluntary  guidelines  will  be 
followed.  We  are,  after  all,  dealing  with  new  technologies  at  the  frontiers 
of  science.  It  would  be  foolish  indeed  to  assume  that  we  know  all  of  the 
answers  at  this  stage,  or  even  many  of  the  questions.  The  fact  that  a par- 
ticular type  of  E.  coli  appears  to  be  relatively  safe  does  not  in  any  way 
lessen  our  general  apprehension.  Other  systems  are  being  worked  with,  and 
many  more  could  be  used  as  technological  advances  are  made. 

There  is  disagreement  even  among  experts.  I need  only  point  to  the 
comments  and  letters  you  have  received  on  the  current  proposals  as  well  as 
such  public  discussions  as  the  National  Academy  of  Sciences  forum  on  research 
with  recombinant  DNA  held  just  last  March. 
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We  also  do  not  take  comfort  from  the  fact  that  in  the  past,  health 
effects  of  various  industrial  chemicals  were  not  made  known  to  the  general 
public,  nor  for  that  matter  to  the  workers  who  were  using  them  until  after 
undisputed  evidence  for  serious  harm  had  accumulated  in  the  form  of  human 
illnesses  and  deaths — and  in  those  cases,  of  course,  the  harmful  materials 
were  not  capable  of  reproducing  themselves. 

I mentioned  that  we  worry  about  how  closely  voluntary  guidelines  will  be 
followed.  You  are  well  aware,  of  course,  of  the  violation  of  NIH  Guidelines 
earlier  this  year  at  the  University  of  California  at  San  Francisco.  This  may 
well  have  been  inadvertent,  resulting  from  a misunderstanding  about  the 
procedures  to  be  followed  in  certifying  biological  vectors,  and  no  harm  was 
done,  but  it  was  a violation  nonetheless.  The  pressures  on  faculty  and 
research  students  to  be  the  first  to  publish  new  results,  especially  in 
exciting  fields,  are  enormous;  and  it  would  be  naive  to  assume  that  similar 
misunderstandings  or  lapses  in  judgment,  or  outright  purposeful  violation  of 
voluntary  guidelines,  will  not  occur  in  the  future. 

A long  article  reporting  on  the  San  Francisco  incident  appeared  recent- 
ly in  Science  magazine,  and  in  it  David  Martin,  former  chairman  of  the  UCSF 
biosafety  committee,  is  quoted  as  saying:  "We  can't  run  a policing  service. 

What  we  do  is  try  to  raise  the  consciousness  of  the  individuals  involved  to 
make  them  respect  the  Guidelines."  Putting  such  enormous  responsibility  on 
the  shoulders  of  what  is  basically  a voluntary  group  of  peers  is  asking  too 
much,  as  is  the  expectation  that  all  researchers  of  whatever  age,  of  what- 
ever experience,  of  whatever  social  sense,  of  whatever  commitment  to  the 
progress  of  science,  will  always  follow  the  rules. 

I might  mention  at  this  point  that  industrial  research,  where  the  po- 
tential for  large-scale  operation  is  much  greater  than  in  a university,  is  not 
covered  by  the  Guidelines  at  all.  Industrial  representatives  claim  that  they 
follow  the  recommendations  of  the  Guidelines,  but  there  is  really  no  way  to 
check.  They  hide  behind  the  veil  of  trade  secrets.  If  an  incident  such  as 
the  one  that  occurred  at  San  Francisco  happened  at  an  industrial  lab,  we 
probably  would  never  hear  about  it,  and  yet  I think  they  have  a realistic 
notion  of  what  is  required.  One  of  the  participants  at  the  NAS  conference  I 
mentioned  earlier  was  Irving  S.  Johnson,  vice  president  of  research  at  Eli 
Lilly.  He  stated:  "We  thoroughly  endorse  the  NIH  Guidelines.  I have  made 

every  effort,  both  within  Lilly  and  within  the  Pharmaceutical  Manufacturers 
Association,  to  lead  the  industry  toward  complete  and  voluntary  compliance." 
But  he  goes  on  to  say  to  the  academic  researchers  in  the  audience:  "It 

appears  inevitable  that  there  will  be  legislation  in  this  area.  I would  like 
to  suggest  to  you  that  this  is  something  that  we  are  going  to  be  able  to  live 
with  a lot  more  comfortably  than  you.  In  industry  we  are  used  to  having 
people  stand  over  our  shoulder  and  suggest  what  we  do,  and  I don't  think  that 
you  in  academia  are,  and  I don't  think  you  are  going  to  like  it." 

The  question,  of  course,  is  not  one  of  liking  or  not  liking  government 
regulation  of  research,  but  of  protecting  the  public  from  harm.  We  are  talk- 
ing about  regulating  the  tools,  not  the  ideas,  and  this  is  not  new.  No 
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civilized  person  would  argue,  for  example,  that  researchers  should  be  per- 
mitted to  feed  potentially  potent  carcinogens  to  human  beings,  even  though 
this  would  be  much  more  efficient  and  a definite  way  to  measure  their  effects 
than  through  the  use  of  animals.  With  all  of  the  progress  that  has  been  made, 
we  are  still  at  the  dawn  of  a new  and  complex  technology.  The  risks  are  great 
because  the  uncertainties  are  great.  We  are  aware  that  potential  benefits  in 
such  areas  as  medicine  and  agriculture  are  to  be  awaited  with  eager  antici- 
pation, but  we  also  fear  that  the  potential  for  harm  is,  at  this  stage, 
equally  large.  We  do  not  fear  the  unexpected,  but  we  cannot  ignore  it.  After 
all,  chance  favors  the  prepared  mind. 

From  the  discovery  of  penicillin  to  the  development  of  polymers  of  tetra- 
f luore thy lene , progress  has  been  made  by  exploiting  unexpected  developments. 
The  same  will  undoubtedly  be  true  for  recombinant  DNA  research,  and  indeed 
shotgun  experiments  in  a sense  institutionalize  this  approach. 

We  now  need  more  than  voluntary  guidelines.  We  need  regulations  with 
penalties  to  provide  incentive  for  close  adherence.  We  need  them  because, 
quite  simply,  we  don't  live  in  a perfect  world.  And  just  as  clearly,  with 
all  due  respect,  the  people  who  are  the  primary  sponsors  of  the  research 
should  not  be  called  upon  to  write  and  police  the  regulations.  The  time 
has  come  for  the  primary  responsibilities  to  shift  to  the  Occupational 
Safety  and  Health  Administration,  and  that  agency  should  regulate  uniformly 
recombinant  DNA  research  activities  in  industrial,  government,  and  university 
laboratories . 

I would  like  to  conclude  by  saying  that  I believe  that  the  NIH  and  the 
members  of  this  Committee  have  done  a great  service  in  the  thorough  review  of 
the  subject  that  has  been  made,  and  in  tackling  some  highly  complex  areas  in 
such  a way  that  some  order  has  been  achieved.  Your  continued  interest  and 
advice  would  be  most  valuable.  But  we  are  at  a stage  now  when  the  issues  are 
as  much  social  as  technical.  Decisions  must  be  made  in  the  open  and  must 
involve  all  segments  of  society,  and  the  rules  must  apply  uniformly  because 
ultimately  the  risks  are  shared  by  all. 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Chamot. 

Are  there  questions  or  comments? 

Dr.  Ahmed. 

DR.  AHMED:  I would  like  to  ask  both  Mr.  Samuels  and  Dr.  Chamot  to 

clarify  what  they  mean  by  OSHA  having  the  primary  responsibility.  Are  you 
saying  in  effect  that  HEW  or  NIH  does  not  have  any  regulatory  role  in  any 
new  Federal  legislation? 
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DR.  CHAMOT:  Well,  you  are  dealing  here  basically  with  what  may  not 

appear  to  be,  but  really  is,  another  work  environment,  working  with  poten- 
tially toxic  or  harmful  materials,  and  within  that  context  a system  that 
has  been  devised  thus  far  is  to  give  OSHA  the  regulatory  responsibility. 

The  NIH  is  not  really  a regulatory  agency. 

DR.  AHMED:  They  can  be  given — 

DR.  CHAMOT:  They  can  be,  but  why  develop  new  expertise  when  the  ex- 

pertise already  exists.  Perhaps  not  the  technical  expertise,  but — 

DR.  AHMED:  Does  OSHA  have  the  expertise  to  deal  with  genetic  engi- 

neering? 

DR.  CHAMOT:  Oh,  OSHA  could  easily  hire  technical  experts.  That  is 

not  the  question.  I am  sure  that  when  OSHA  starts  working  on  this  issue,  I 
am  absolutely  certain  that  they  will  use  the  NIH  Guidelines  as  the  basis  of 
the  technical  content  of  their  regulations. 

DR.  AHMED:  Yes,  but  there  is  more  than  writing  guidelines. 

DR.  CHAMOT:  Absolutely,  and  that  is  why  it  should  go  to  OSHA  rather 

than  NIH. 

MR.  SAMUELS:  I would  like  to  just  add,  since  the  question  was  addressed 

to  both  of  us,  one  point,  and  one  reason  why  I recognized  the  presence  of 
Dr.  Finklea  in  this  room.  By  law  Dr.  Finklea  has  the  obligation  of  directing 
an  agency  which  must  or  should  or  can  develop  a criteria  document  which  would 
be  the  basis  for  a standard.  Dr.  Finklea,  of  course,  is  Director  of  an  Insti- 
tute which  is  part  of  the  Department  of  HEW.  So  certainly  HEW  has  a responsi- 
bility. But  HEW,  by  mandate  of  Congress,  has  no  regulatory  responsibilities 
other  than  those  narrowly  defined,  I might  say,  in  the  legal  justification  for 
the  proposed  guidelines. 

As  for  new  legislation,  we  do  not  have  at  this  point  a position. 

DR.  FREDRICKSON:  Dr.  Sturgis. 

DR.  STURGIS:  Do  you  think  that  OSHA  has  the  capacity  to  add  to  its 

policing  duties  that  already  seem  overwhelming  and  not  being  carried  out  as 
much  as  some  of  us  would  like  to  see  done? 

MR.  SAMUELS:  I was  unable  to — In  fact,  I didn't  know  I only  had  five 

minutes  when  I accepted  the  invitation,  and  I was  unable  to  read  my  full 
statement.  But  in  my  full  statement  is  my  recommendation  that  this  committee, 
your  committee,  become  an  advisory  committee  under  the  standards-setting  pro- 
cedures set  forth  in  the  Act,  number  one.  That  is  the  first  stage  of 
regulation . 
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DR.  FREDRICKSON:  We  will  have  your  full  statement,  Mr.  Samuels.  You 

will  provide  that  for  us? 

MR.  SAMUELS:  All  right. 

DR.  FREDRICKSON:  Thank  you. 

MR.  SAMUELS:  And  as  for  actual  inspectors,  it  is  not  envisaged  by  the 
Act  that  we  have  a policeman  in  every  laboratory  or  behind  every  machine  in 
every  factory.  What  you  need  is  a police  force  that  is  adequate,  not  for 
most  people,  because  most  people  are  going  to  do  what  those  guidelines  or 
standards  ask  them  to  do,  but  for  the  few.  I think  that  with  another  incre- 
ment of  specially  trained  inspectors,  the  number  of  laboratories  is  not  now  so 
many  that  we  couldn't  cover  this. 

DR.  FREDRICKSON:  Any  further  comment  or  question? 

Then  we  will  turn  to  the  next  invited  witness,  who  is  Dr.  John  Adams, 
who  is  Vice  President  for  Scientific  and  Professional  Relations,  from  the 
Pharmaceutical  Manufacturers  Association  in  Washington. 

Dr.  Adams. 

DR.  ADAMS:  Thank  you,  Dr.  Fredrickson,  members  of  the  Committee,  ladies 

and  gentlemen.  My  purpose  in  being  here  this  morning  to  appear  before  this 
Committee  is  to  repeat  the  stated  policy  of  the  Pharmaceutical  Manufacturers 
Association  and  its  member  firms  relative  to  recombinant  DNA  research.  We 
have  stated  that  policy  on  many  occas ions--congress ional  testimony,  formal 
comments  to  the  National  Institutes  of  Health,  and  on  other  occasions — and 
essentially  that  policy  remains  unchanged  with  respect  to  the  revision  in  the 
Guidelines  which  was  proposed  on  September  27. 

We  have,  on  previous  occasions,  indicated  that  our  member  firms — and 
there  are  only  three  at  the  moment  that  we  are  aware  of  that  are  engaged  in 
such  research — will  voluntarily  comply  with  the  NIH  Guidelines.  We  have 
every  reason  to  believe  that  that  is  the  case  at  the  present  time.  We  have 
indicated  previously  that  we  feel  the  Guidelines  as  they  were  proposed  and  now 
revised  need  to  be  modified  in  the  case  of  industrial  research.  The  Guide- 
lines, as  I think  everyone  in  this  room  is  aware,  were  written  primarily  for 
recipients  of  federally  supported  research.  They  were  not  written  for  the 
industrial  sector,  or  for  that  matter,  to  nongovernment-supported  academic 
research.  In  view  of  this,  some  modification  is  needed. 

I can  tell  you  that  our  companies  are  committed  to  the  operative  portions 
of  those  Guidelines,  the  physical  and  biological  containment  provisions,  but 
we  do  feel  that  there  are  modifications  necessary  with  respect  to  the  pro- 
tection of  industrial  property  rights. 

We  have  submitted  formal  comments  on  the  revision,  including  some  techni- 
cal comments  which  I will  not  take  the  time  this  morning  to  discuss.  They  are 
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available  to  the  members  of  the  Recombinant  Committee  and  can  be  considered. 

We  think  they  are  positive  and  constructive. 

I would  prefer  to  restrict  my  comments  to  the  section  on  roles  and  re- 
sponsibilities, where  we  see  the  problems  relative  to  the  protection  of 
industrial  property  rights.  In  Section  II-D  there  is  a requirement  for  the 
certification  and  distribution  of  host-vector  systems.  In  industrial  research 
these  systems  could  be  considered  and  probably  will  be  considered  industrial 
property  rights.  We  recognize  the  reasons  for  suggesting  certification  and 
distribution;  however,  this  is  something  we  feel  must  be  taken  under  addition- 
al review  by  the  Recombinant  DNA  Committee. 

In  Section  IV,  relative  to  roles  and  responsibilities — specifically,  in 
part  A,  under  Principal  Investigator — there  is  a requirement  in  Roman  numeral 
v for  securing  the  approval  of  proposed  research  prior  to  the  initiation  of 
the  work.  This  simply  does  not  apply  in  the  case  of  industry  at  the  present 
time.  However,  we  feel  that  there  can  be  some  accommodation  made  in  the 
present  revision  that  would  take  care  of  this  problem. 

Under  Roman  numeral  vi  there  is  a requirement  for  submitting  informa- 
tion on  purported  HV2  and  HV3  systems  to  the  committee.  Again,  this  is 
something  that  could  involve  revealing  industrial  property  rights  and  is 
in  need  of  modification. 

In  Roman  numeral  viii  there  is  a requirement  for  reporting  to  the 
institutional  biohazards  committee  and/or  the  DNA  Recombinant  Advisory 
Committee.  This,  I think,  needs  some  clarification,  since  in  that  portion 
of  Chapter  IV  it  might  involve  revealing  very  important  industrial  property 
in  the  process. 

Continuing  in  Chapter  IV,  under  Institutions,  there  is  a requirement 
for  making  minutes  available.  We  have  no  particular  objection  to  that,  so 
long  as  those  minutes  could  be  edited  to  delete  any  reference  to  industrial 
property  information. 

Under  C,  there  is  a requirement  which  is  strictly  for  use  in  the  case 
of  NIH  grantees  concerning  review  by  the  initial  review  group.  This  again 
would  involve  industrial  property  information  and  needs  some  modification. 

We  are  pleased  with  the  revision  in  the  Guidelines  that  provides  for 
an  exemption  by  the  Director  on  the  recommendation  of  the  Recombinant  DNA 
Advisory  Committee.  We  feel  that  it  may  be  possible  through  that  exemption 
to  accommodate  the  concerns  we  have  about  the  protection  of  industrial 
property  rights,  and  we  would  ask  the  Committee  and  the  Director  to  look 
very  long  and  hard  at  the  possibility  for  such  accommodations  through  that 
mechanism. 

Finally,  the  Guidelines  call  for  inspections  by  the  staff  of  the  MIH. 

I can  tell  you  that  we  would  have  no  objection  to  inspections  so  long  as, 
again,  industrial  property  rights  could  be  protected. 
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So,  in  summary,  I would  like  to  say  that  we  continue  committed  to 
voluntary  compliance  with  the  Guidelines.  In  that  compliance  we  feel  that 
our  firms  will  certainly  abide  by  the  safety  provisions  that  are  contained 
therein,  and  we  are  hopeful  that  on  the  basis  of  these  present  revisions, 
some  accommodation  can  be  made  to  protect  the  industrial  property  rights  of 
any  of  our  member  firms  who  may  be  so  engaged  or  become  engaged  in  the 
future . 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Adams.  Would  you  remain  at  the  podium 

in  case  there  are — 

Dr.  Ahmed. 

DR.  AHMED:  I am  pleased  to  hear  that  industry  has  taken  the  initiative 

to  voluntarily  comply  with  the  NIH  Guidelines.  However,  what  is  the  actual 
industry  mechanism  for  monitoring?  You  said  as  far  as  you  know  there  is 
complete  compliance.  But  how  can  you  be  assured  of  that,  particularly  with 
respect  to  small  companies.  What  kind  of  mechanism  do  you  have  within  your 
industry  to  implement  what  you  are  saying  is  voluntary  compliance? 

Secondly,  how  can  the  public,  or  even  the  NIH,  for  that  matter,  have 
access  to  that  information  at  this  time? 

DR.  ADAMS:  Well,  at  the  moment  the  only  assurance  we  have  is  that  we 
have  a stated  policy,  and  have  to  assume  that  our  member  firms  are  in  com- 
pliance . 


DR.  AHMED:  You  are  assuming  that? 

DR.  ADAMS:  We  assume  it,  and  it  is  very  easy  for  us  to  make  a phone 

call  and  ask. 

DR.  AHMED:  That  is  the  only  extent  of  your  monitoring,  a phone  call? 

DR.  ADAMS:  Yes.  We  are  depending  on  the  integrity  of  the  individual 

companies  who  have  committed  themselves  to  a policy. 

DR.  AHMED:  Small  and  big,  it  doesn't  matter  what  size  the  company. 

DR.  SHAW:  He  said  there  were  only  three  companies. 

DR.  AHMED:  Only  three  companies  are  involved? 

DR.  ADAMS:  Only  three  companies  are  involved,  yes. 

DR.  AHMED:  And  they  are  all  rather  large? 

DR.  ADAMS:  Yes,  they  are  large  companies. 


[417] 


214 


DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Do  you  have  any  feeling  about  the  composition  of  the  local 

biohazards  committee,  or  the  institutional  biohazards  committee,  or  biosafety 
committees,  as  they  can  perhaps  be  called? 

DR.  ADAMS:  I am  pleased  to  tell  you  that  in  the  case  of  the  three  compa- 
nies engaged,  those  committees  are  in  place,  and  include  persons  from  outside 
the  corporate  structure. 

MR.  HELMS:  Well,  that  is  the  point  I wanted  to  make,  I suppose,  to  see 
whether  that  was  a judgment  in  which  you  concurred.  For  example,  in  Nutley, 
the  Roche  Institute  of  Molecular  Biology  has  a public  health  officer  from 
Nutley  as  a member  of  their  institutional  biohazards  committee.  Now, 
does  that  seem  a satisfactory  solution  to  you? 

DR.  ADAMS:  Yes,  it  is,  and  if  there  were  additional  members  from  the 

public  involved,  I am  sure  they  would  be  invited  to  serve  on  the  committee. 

I know  this  is  true  in  the  case  of  Upjohn  in  the  town  or  city  of  Kalamazoo, 
and  it  is  also  true  in  the  case  of  Eli  Lilly  and  Company  in  Indianapolis. 

They  have  public  members  on  their  institutional  biohazards  committee. 

DR.  FREDRICKSON:  Dr.  Ginsberg. 

DR.  GINSBERG:  As  a possible  suggestion  for  getting  around  the  impasse 

as  to  how  to  deal  with  HV2  and  HV3  new  vectors  and  so  forth  without  revealing 
company  secrets,  would  it  be  possible  for  each  of  the  companies  involved  to 
have  two  or  three  consultants  who  would  be  approved  of  by  the  NIH  in  terms 
of  their  expertise,  who  would  merely  certify  that  the  company  is  following 
the  Guidelines  and  using  the  proper  vectors  and  so  forth,  without  revealing 
any  secrets,  except  as  your  consultants  have  your  secrets  anyway?  Would 
that  be  appropriate? 

DR.  ADAMS:  Yes,  Dr.  Ginsberg,  we  have  previously  indicated  to  Dr. 

Fredrickson  that  that  would  be  an  acceptable  mechanism  as  far  as  we  are 
concerned,  so  long  as  those  people  were  subject  to  criminal  provisions  for 
revealing  trade  secrets. 

DR.  GINSBERG:  They  would  essentially  be  your  consultants? 

DR.  ADAMS:  Well,  they  could  be  Dr.  Fredrickson's  advisors,  as  far  as 

we  are  concerned,  so  long  as  the  industrial  property  right  can  be  protected. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Dr.  Ginsberg,  there  are  a number  of  procedures  in  the  current 

Federal  law  that  provide  that  trade  secrets  of  any  nature,  along  with  this 
kind  of  trade  secret,  can  be  made  available  to  the  Government,  and  Government 
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officials  are  then,  by  current  Federal  statute,  criminally  prohibited  from 
revealing  those  to  any  outside  source.  So  that  what  is  being  asked  here  is 
being  done  today  in  virtually  all  Government  agencies. 

DR.  FREDRICKSON:  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  Well,  I am  afraid  that  the  problem  is  more  complicated 

than  that,  because  they  are  going  to  want  to  introduce  new  host-vectors, 
probably  quite  different  than  E . col i , which  will  introduce  a whole  range 
of  problems  that  would  really  not  be  covered,  even,  by  existing  Guidelines. 

DR.  GINSBERG:  That's  why  I would  suggest  that  whoever  the  consultant 

was  be  approved  of  by  the  NIH  Advisory  Committee  in  terms  of  having  the 
expertise  to  do  this. 

MR.  HUTT:  Well,  the  NIH  Advisory  Committee  could  itself  do  it.  There 

would  be  no  need  to  go  to  outside  experts.  They  could  be  given  all  the 
information  and  the  rule  could  be  retained  that  the  new  HV  system  would  be 

prohibited  until  the  NIH  approved  it.  There  is  no  need  to  go  through  any 

artificial  means  that  I can  determine. 

DR.  ADAMS:  With  respect  to  that,  Peter,  since  the  Guidelines  do  not 

strictly  apply  to  industry,  there  is  a question  here  about  certification. 

MR.  HUTT:  I understand  that.  What  I am  saying  is  if  they  were  extended 

to  apply  to  industry,  the  same  kinds  of  rules  could  apply  here  as  apply  to 
submissions  made  on  pesticides  or  new  drugs,  or  any  other  chemicals,  to  the 
United  States  Government. 

DR.  ADAMS:  Let  me  repeat,  we  would  have  no  objection  to  the  mechanism 

that  Dr.  Ginsberg  was  suggesting,  and  have  already  discussed  that  with 
Dr.  Fredrickson. 

DR.  FREDRICKSON:  Any  other  questions  for  Dr.  Adams? 

Dr.  Weiss  and  then  Ms.  Simring.  We  will  admit  two  questions  from  the 
public.  Dr.  Weiss  is  from  the  NRC/National  Academy  of  Sciences. 

DR.  WEISS:  I would  like  to  ask  Mr.  Hutt , regarding  the  suggestion  that 

was  just  made,  that  the  Advisory  Committee  act  as  the  industrial  overseers, 
if  in  fact  the  Advisory  Committee  is  bound  by  the  Federal  regulations  for 
their  officials.  You  are  not  officials  of  the  Federal  Government;  you  are 
advisors  to  the  Federal  Government.  Are  you  criminally  bound  not  to  reveal 
secrets? 


MR.  HUTT:  Yes,  because  you  are  special  Government  employees,  and  under 

the  law  a special  Government  employee  is  bound  by  the  provision  of  law  which 
forbids  revealing  of  trade  secrets  that  you  obtained  while  you  were  in  your 
Government  employ. 
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DR.  FREDRICKSON:  Dr.  Gustafson  has  a point  of  clarification. 

DR.  GUSTAFSON:  Mr.  Hutt,  when  you  are  talking  about  the  "Advisory 

Committee,"  are  you  talking  about  this  Advisory  Committee  to  the  Director 
of  the  NIH  or  are  you — 

MR.  HUTT:  I am  talking  about  the  RAC. 

DR.  GUSTAFSON:  Okay,  all  right;  not  us. 

MR.  HUTT:  God  help  us,  not  us. 

(Laughter . ) 

DR.  FREDRICKSON:  Ms.  Simring  has  a question.  Please  stand  up,  Ms. 

Simring,  so  we  can  record  you. 

MS.  SIMRING:  A few  weeks  ago  I presented  a paper  at  an  Indiana  Univer- 

sity conference  on  recombinant  DNA,  and  my  co-participant  on  the  platform  was 
Roland  Beers,  Vice  President  in  Charge  of  Research  Affairs  at  Miles  Labora- 
tories. I presume  Miles  Laboratories  is  one  of  your  associate  corporations. 

DR.  ADAMS:  They  are. 

MS.  SIMRING:  Roland  Beers  admitted  in  the  course  of  a discussion  that 

Miles  Laboratories  indeed  is  not  following  the  1976  Guidelines.  They  are 
using  Bacillus  subtilis,  and  when  pressed,  he  admitted  he  is  using  the 
revised  guidelines,  which  of  course,  it  was  pointed  out,  have  not  been 
accepted  as  yet. 

DR.  FREDRICKSON:  Are  there  other  comments  or  questions  from  the 

Committee  for  Dr.  Adams? 

Then  let  us  move  on  to — 

DR.  AHMED:  I think  that  requires  a response. 

MR.  HELMS:  I do,  too. 

DR.  AHMED:  When  you  said  that  you  are  in  compliance  with  guidelines, 

what  guidelines  are  you  in  compliance  with?  I mean,  following  up  on  the 
last  comment  made  by  Ms.  Simring,  the  proposed  revised  guidelines  or  the 
original  ones? 

DR.  ADAMS:  We  are  in  compliance  with  the  original  except  for  the  points 

that  I have  raised  here  in  my  comments,  and  we  will  be  in  compliance  with  the 
revised  guidelines,  hopefully  with  whatever  modifications  may  be  necessary, 
as  I requested  in  these  comments. 
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I am  not  familiar  with  the  presentation  made  by  Dr.  Beers.  The  last 
word  I had  was  that  Miles  Laboratories  was  not  directly  engaged  in  recombi- 
nant DNA  research,  although  they  were  supporting  academic  research. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Do  I understand  you  position  to  be — Let's  assume  arguendo 
that  this  report  is  accurate.  Would  you  on  behalf  of  your  Association 
discourage  that  activity  by  Miles  Laboratories? 

DR.  ADAMS:  Yes,  we  would. 

DR.  FREDRICKSON:  Mr.  Beaty. 

MR.  BEATY:  Would  you  clarify,  Dr.  Fredrickson,  whether  or  not,  if  this 

was  the  only  stated  activity,  would  it  be  in  violation  of  the  present  Guide- 
lines? As  I understand  it,  work  with  some  B.  subt  i 1 i s host-vector  systems 
right  now  is  not  in  violation;  in  fact,  approval  has  been  given.  Can  you 
clarify  that,  Dr.  Gartland? 

DR.  GARTLAND:  Yes,  the  B.  subtilis  under  the  current  Guidelines  would 

fall  under  alternate  host-vector  systems,  which  at  the  present  time  are  being 
reviewed  on  a case-by-case  basis;  and  within  the  past  several  months  the 
committee  and  the  NIH  has  approved  the  use  of  certain  B^  subt i 1 is  systems  for 
c loning. 

DR.  ADAMS:  In  a situation  of  this  kind,  we  certainly  would  recommend 

that  the  company,  or  any  other  company,  consult  with  Dr.  Gartland,  in  the 
Office  of  Recombinant  DNA  Activities. 

DR.  FREDRICKSON:  I think  that  we  will  move  on  to  one  more  of  the  invited 

witnesses  before  coffee,  and  that  is  Dr.  Chilton,  if  she  is  here. 

DR.  CHILTON:  No,  I don't  have  anything. 

DR.  FREDRICKSON:  You  have  nothing?  Thank  you,  Dr.  Chilton,  then  that 

will  allow  us  time  for  Dr.  Duvick. 

DR.  DUVICK:  I really  have  very  little  to  say.  I would  like  to  call 
your  attention  to  some  communications,  some  of  which  you  have,  which  say 
better  than  I can  some  things  I would  like  to  bring  before  you. 

The  communication  from  the  National  Science  Foundation  which  I think 
you  got  yesterday  with  the  statement  of  the  Committee  on  laboratory-created 
biohazards  says,  in  one  part:  "The  potential  benefits  of  such  research  to 
the  agricultural  sciences,  and  the  magnitude  of  future  efforts  needed  to 
exploit  these  benefits,  suggests  the  need  for  improved  mechanisms  whereby 
viewpoints  in  this  area  can  be  brought  to  the  attention  of  the  Advisory 
Committee.  This  can  be  done  by  establishing  one  or  more  panels  to  consider 
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in  depth  the  full  application  of  recombinant  DNA  technology  to  the  advance- 
ment of  knowledge  in  plant  breeding  and  genetics,  plant  nutrition  including 
nitrogen  fixation,  plant  physiology  and  biochemistry,  and  plant  pathology." 
This  has  been  brought  up  in  some  of  the  discussion  before,  and  I would  just 
like  to  say  that  it  expresses  very  well  my  point  of  view  also. 

Then  I would  like  to  read  from  an  article  by  Dr.  Peter  Day  who,  as  you 
know,  could  not  be  here,  which  appeared  in  Science  not  too  long  ago.  "It  is 
clearly  too  early  to  begin  to  assess  the  implications  of  recombinant  DNA 
techniques  for  increasing  crop  plant  yield.  The  redesign  and  improvement  of 
any  complex  mechanism  depends  on  understanding  how  it  works.  The  contribu- 
tions to  studies  of  genetic  structure,  regulation,  and  function  in  higher 
plants  that  are  likely  to  result  from  work  in  this  field  can  hardly  fail  to 
contribute  to  the  breeding  of  better  crops.  Immediate  goals  are  to  use  the 
methods  we  now  have  to  isolate  specific  crop-plant  genes  and  to  develop  and 
refine  methods  for  achieving  frequencies  of  transformation  high  enough  to  be 
useful  to  a breeder.  We  will  then  see  whether  or  not  the  introduction  of 
short  foreign  DNA  sequences  has  a disruptive  effect  on  the  genetic  systems 
of  modern  crop  cultivars." 

Other  than  just  bringing  these  things  to  your  attention,  I would  like  to 
say  that  as  I have  read  over  the  proposed  revisions,  I don't  see  anything  in 
them  that  tells  about  the  mechanisms  for  future  revisions.  We  talk  about  it 
continually,  and  I couldn't  find  anything  myself  that  really  said  how  or 
when  this  would  happen.  I also  find  nothing  that  tells  me  how  the  Recombi- 
nant Advisory  Committee  members  are  chosen;  what  is  the  basis  for  choosing 
these  members?  These  are  two  questions  I have  which  I hope  eventually  will 
be  explained  to  me. 

DR.  FREDRICKSON:  Dr.  Duvick,  you  have  your  own  company,  is  that  right? 

DR.  DUVICK:  I am  an  employee  of  my  company.  I don't  own  it. 

DR.  FREDRICKSON:  I understand.  But  you  are  technically  on  the  seed 

and  fermentation  side  of — 

DR.  DUVICK:  Not  fermentation.  We  develop  and  sell  improved  varieties 

of  crop  plants.  We  are  not  in  fermentation  at  all.  To  class  me  with  some 
of  the  members  of  industry  who  are  interested  in  this  aspect  is  much  wider 
than  putting  apples  and  oranges  together.  It  is  apples  and  cactus,  perhaps. 
And  I think  of  myself  as  the  cactus. 

(Laughter . ) 

DR.  FREDRICKSON:  Dr.  Duvick,  you  might  be,  then,  as  a relatively  small 

entrepreneur,  or  as  a representative  of  a group  of  small  entrepreneurs,  one 
who  might  be  using  recombinant  techniques  for  improving  plant  stocks  in  the 
future.  Is  that  correct? 
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DR.  DUVICK:  We  look  on  this  as  a possibility,  but  really  a very  faint 
possibility.  My  personal  opinion  is  that  it  may  never  really  be  possible 
to  use  these  techniques  on  complex  higher  plants.  But  there  is  a possi- 
bility, and  we  look  on  it  from  that  point  of  view. 

DR.  FREDRICKSON:  We  are  not  talking  about  any  reality  today  of  any 

kind? 


DR.  DUVICK:  No,  we  are  not  in  as  big  a hurry  to  get  things 

down  as  some  other  people  are  here. 

DR.  FREDRICKSON:  It  takes  longer  for  a tree  to  grow. 

Could  I ask  if  there  are  any  comments  or  questions  from  the 

If  not,  we  will  take  a fifteen-minute  coffee  break. 

(Brief  recess.) 


settled 


Committee? 


DR.  FREDRICKSON:  The  Committee  will  reconvene.  I would  like  to  call, 

at  his  request,  Dr.  Adams  back  just  for  a moment.  He  wants  to  make  a state- 
ment . 


Dr.  Adams. 

DR.  ADAMS:  Thank  you,  Dr.  Fredrickson.  I have  asked  for  the  opportu- 

nity to  make  a brief  statement  concerning  the  report  by  Ms.  Simring  relative 
to  Miles  Laboratories.  I have  just  been  in  correspondence  by  telephone  with 
the  Senior  Vice  President  of  Research  for  Miles  Laboratories,  who  informs  me 
that  that  work  is  not  being  conducted  by  Miles  Laboratories,  that  it  is 
being  conducted  in  an  academic  institution  that  is  supported  by  Miles  Labor- 
atories, and  for  reasons  given  to  me  by  Dr.  Beers,  they  did  not  consider 
that  that  particular  project  came  under  the  purview  of  the  NIH  Guidelines. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Adams. 

Mr.  Helms. 

MR.  HELMS:  Could  I have  a clarification  as  to  what  you  mean  by  "pur- 

view"? Would  it  have  been,  in  other  words,  outside  the  Guidelines  in  the 
sense  that  it  wasn't  recombinant  DNA  research,  or  recombinant  DNA  research 
which  would  have  been  covered  by  the  Guidelines  had  there  been  an  NIH  grant 
invo lved . 

DR.  ADAMS:  It  would  not  have  been  covered  under  the  NIH  Guidelines 

if  there  were  a grant  involved  because  the  investigator  considered  it  non- 
novel recombinant  DNA. 

MR.  HELMS:  So,  in  other  words,  even  applying  the  Guidelines,  it  wouldn't 

have  been  a covered  experiment. 
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DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  I think  we  need  clarification.  It  is  an  accurate  statement, 

then,  that  it  does  not  meet  the  current,  existing  Guidelines? 

DR.  ADAMS:  That  would  be  correct,  Peter,  except  that  this  research,  I 

assume,  was  undertaken  with  the  understanding  that  there  would  be  some  change 
in  the  definition.  You  must  bear  in  mind  that  there  have  been  many  defi- 
nitions offered  for  recombinant  DNA  research,  many  of  them  in  legislative 
proposals,  and  I assume  the  investigator  felt  that  those  definitions  were 
really  more  pertinent  than  was  the  case  in  the  present  definition  of  recom- 
binant DNA,  not  in  the  revision  but  in  the  original.  I think  it  is  a judg- 
ment by  the  investigator. 

MR.  HUTT:  I just  want  a clarification.  It  would  meet  the  new  defini- 

tion that  is  not  yet  adopted  by  the  NIH.  It  would  not  meet  the  old  Guide- 
lines or  the  current  Guidelines?  That  is  all  I wanted  to  clarify.  Is  it  in 
all  other  respects — well,  it  couldn't  be. 

DR.  GINSBERG:  In  most  universities  with  which  I am  familiar,  the 

biosafety  committee  oversees  all  recombinant  DNA  research  whether  it  is 
supported  by  NIH  or  private  funds.  So  I would  assume  that  if  he  is  at  a 
university  with  a biosafety  committee,  that  is  is  probably  being  overviewed 
by  them,  anyway. 

DR.  ADAMS:  He  is  in  a university  that  has  a very  active  biohazards 

committee . 

DR.  FREDRICKSON:  I think  that  we  will  go  on  now  to  the  next  witness, 

who  is  Mr.  Leslie  Dach . 

MS.  SIMRING:  May  I just  respond  to  that  for  a moment? 

DR.  FREDRICKSON:  Ms.  Simring,  if  you  please,  rise  and  do  it  speedily. 

MS.  SIMRING:  We  might  question,  then,  the  efficacy  of  a biohazards 

committee  in  its  oversight  if  it  permitted  the  research  to  go  ahead  not 
under  the  voluntary  compliance  acceded  to  by  Miles  Laboratories  with  these 
June  '76  Guidelines.  Where  does  the  responsibility  lie?  Miles  Laboratories 
is  undertaking,  per  se,  the  research.  It  is  under  its  aegis,  it  is  under 
its  funding  at  the  University  of  Rochester  Medical  Center,  and  we  have  to 
ask  where  does  the  responsibility  therefore  lie? 

DR.  FREDRICKSON:  All  right,  Mr.  Dach. 

MR.  DACH:  With  all  due  respect  to  the  Recombinant  DNA  Advisory  Commit- 

tee, I think  that  Section  IV  is  really  a completely  inadequate  section.  It 
is  simply  too  vague  to  support  any  enforcement,  and  if  we  look  more  closely 
at  the  manpower  staff  that  is  allotted  to  this  kind  of  job,  that  also  bears 
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out  the  fact  that  it  simply  will  not  work.  NIH  is  simply  not  an  enforcement 
agency.  Enforcement  requires  experience;  good  intentions  alone  don't  give 
us  compliance.  It  is  hard  to  be  tough  on  people,  and  it  is  hard  to  devise 
appropriate  procedures  that  are  going  to  get  people  to  comply  with  things. 

I understand  that  if  NIH  feels  it  should  not  do  this  job,  or  cannot  do 
this  job,  then  it  should  try  to  be  passed  on  to  somebody  else.  But  meanwhile 
in  the  interim,  they  do  have  the  responsibility  to  carry  out  this  function, 
and  they  need  to  do  it  well,  I encourage,  though,  in  the  meanwhile,  that 
they  do  consult  with  other  Federal  agencies — OSHA,  EPA — that  have  had  much 
longer  experience  in  enforcement,  and  begin  to  learn  some  of  the  bitter 
lessons  that  they  have  had  to  learn  throughout  their  experience. 

It  wasn't  surprising  to  me  today,  what  we  heard — that  the  majority  of 
people  around  the  table  felt  that  they  didn't  need  excess  bureaucracy  around 
their  universities.  I think  with  16  out  of  22  people,  as  I quickly  counted 
around  the  table,  from  universities,  this  is  not  really  the  fair  forum  to  ask 
whether  those  kinds  of  things  are  necessary. 

In  terms  of  people  who  are  talking  about  the  future,  I think  these  Guide 
lines  have  to  be  seen  as  really  the  first  step  for  the  future  discussion  of 
problems  of  the  use  of  this  kind  of  technology,  and  if  we  can't  figure  out 
procedures  for  bringing  the  public  in  now,  it  is  going  to  be  hard  later.  Now 
is  the  time  to  start  doing  it. 

I would  like  to  quickly  go  through  more  specifically  what  is  in  Section 
IV.  In  terms  of  the  biohazard  committee,  I think  we  are  all  aware  of  the 
difficulty  and  the  forces  operating  within  academic  institutions  that  really 
preempt  effective  enforcement.  Professional  etiquette  is  everywhere.  We 
have  learned  this,  time  and  time  again,  with  physicians.  Professional  review 
of  physicians  is  just  totally  a mockery.  What  graduate  student  do  we  know 
that  is  going  to  squeal  on  his  or  her  thesis  advisor  two  months  before  they 
are  supposed  to  take  their  oral  examinations?  The  pressures  are  just  too 
strong . 

I think  the  makeup  of  the  Committee  must  be  changed,  and  it  must  be 
mandated.  It  shouldn't  be  recommended  in  the  Guidelines;  it  should  be  re- 
quired. It  should  include  at  least  a quarter  public  representatives, 
people  accountable  to  the  public,  members  of  the  local  community,  local 
elected  officials.  It  should  include  technicians  or  students.  It  should 
include  scientific  expertise  in  physical  and  biological  containment  as  well 
as  in  recombinant  DNA.  I realize  some  of  these  things  are  beginning  to  be 
met,  but  they  should  be  required. 

The  committee  should  be  required  to  make  periodic  inspections  of  all 
facilities  carrying  on  recombinant  DNA  research,  at  least  every  two  months, 
and  those  inspection  reports  with  procedures  and  with  results  should  be 
forwarded  to  NIH  for  review  by  the  central  NIH  office  to  make  sure  that 
those  things  are  really  happening. 


[425] 


222 


At  the  same  time,  there  is  probably  still  a need  for  national  inspec- 
tors to  go  in  much  more  periodically  and  look  at  what  is  happening  in  those 
laboratorie  s . 

In  terms  of  the  Recombinant  DNA  Advisory  Committee,  they  should  have 
the  responsibility  in  the  future  to  give  us  a detailed  rationale  for  each 
recommendation  they  make.  I think  the  conversation  of  the  last  day  has 
shown  us  that  we  don't  really  have  a full  grasp,  from  the  documents  they 
have  given  us  so  far  of  why  they  did  what  they  did.  That  is  true  for 
people  who  feel  they  were  too  lenient  or  too  restrictive.  We  just  don't 
know  what  they  did,  and  I think  that  these  Guidelines  should  not  be  revised 
until  we  have  a much  better  basis  on  which  to  make  those  decisions. 

In  terms  of  their  membership,  these  are  public  decisions,  they  are  not 
scientific  decisions.  The  membership  of  the  Advisory  Committee  should  be  a 
majority  of  people  representing  the  public — people  from  law,  government,  with 
experience  in  enforcement  and  making  these  kinds  of  public  policy  decisions. 
The  remainder  can  be  people  who  are  knowledgeable  in  recombinant  DNA  research, 
but  more  importantly,  with  expertise  in  physical  and  biological  containment, 
with  expertise  in  infectious  diseases  and  the  other  associated  realms  of 
biohazard.  They  could  call  in  scientists  with  more  expertise  as  staff.  The 
National  Commission  for  the  Protection  of  Human  Subjects,  whenever  it  deals 
with  an  issue,  calls  out  for  a large  number  of  papers  that  they  hope  will 
represent  the  viewpoint,  the  range  of  expertise  on  a particular  subject. 

There  is  no  reason  why  we  cannot  have  public  representatives  being  the 
majority  of  this  committee,  and  have  the  scientific  work  done  by  outside 
consultants  or  by  staff  given  to  the  members  to  make  a decision. 

At  the  same  time,  I think  there  have  to  be  public  hearings  of  the  Guide- 
lines committee  when  they  are  revising  guidelines,  and  we  should  pay  people 
to  fly  in  and  make  comments  the  same  way  we  have  done  now.  It  is  hard  for  an 

advisory  committee  like  yourselves  to  react  to  things  that  are  already  down 

on  paper.  That  is  a hard  thing  to  do. 

Turning  to  NIH's  ability  to  enforce,  the  Office  of  Recombinant  DNA 
Activities,  I am  told,  has  two  full-time  people.  Yet  the  things  they  are 
responsible  for  are  outrageous.  They  are  responsible  for  reviewing  all 
Memorandums  of  Understanding  and  Agreement,  responsible  for  reviewing  the 
membership  of  all  institutional  biohazard  committees.  They  have  to  serve  as 
the  ombudspeople  between  the  investigators  and  the  National  Institutes  of 
Health  whenever  there  are  any  questions.  They  are  the  staff  of  the  Recom- 
binant DNA  Advisory  Committee,  and  they  answer  the  phones,  and  believe  me, 

they  rarely  get  off  the  phone,  because  I know,  I call  them  up  and  they  are 

always  busy. 

(Laughter . ) 

So  I don't  know  how  they  have  the  time  to  do  the  things  they  are  sup- 
posed to  do.  Dr.  Gartland  has  told  me  that  they  get  all  the  IBC  memberships, 
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but  I don't  think  that  they  really  look  at  them,  and  they  have  never  made  a 
call  back  to  one  of  those  institutions  to  say  do  you  or  do  you  not  comply. 

I mean,  these  things  just  aren't  happening.  I think  that  was  shown  by  what 
has  come  out  about  Harvard.  They  didn't  know  for  a full  year  after  the  MUA 
was  supposed  to  be  on  file  that  it  was  not  on  file.  Dr.  Gartland's  response 
was  that  NIH  can't  be  expected  to  review  all  those  grants.  Well,  Charlie 
Thomas  was  known  to  work  in  recombinant  DNA.  He  was  a member  of  this  com- 
mittee. It  would  seem  that  that  should  have  been  checked.  And  I do  expect 
people  to  look  at  all  of  those  grants  and  to  enforce  the  Guidelines.  That  is 
what  they  are  there  for. 

I would  just  like  to  take  one  more  second  to  make  a final  point.  I think 
in  terms  of  confidentiality,  I think  it  is  a real  problem  to  give  industry 
the  blanket,  many  times  the  blanket  confidentiality  they  require.  The  track 
record  of  what  industry  has  used  this  for  in  terms  of  occupational  diseases 
is  really  outrageous.  Before  you  make  any  attempt  to  deal  with  this  issue 
you  should  really  look  closely  at  the  experience  of  other  government  agencies 
and  the  track  record  of  other  people  who  have  had  to  deal  with  this  repeatedly. 

Thank  you. 

DR.  FREDRICKSON:  Questions  for  Mr.  Dach,  or  comments? 

Dr.  Ahmed. 

DR.  AHMED:  What  do  you  think  would  be  an  adequate  staffing  right  now? 

MR.  DACH:  1 am  afraid  I find  that  difficult  to  answer  because  I am  not 

sure  what  the  load  of  ‘paperwork  would  be,  but  I imagine  that  five  or  six 
people  would  certainly  be  a step  in  the  right  direction;  let  us  see  what  they 
can  do.  And  the  cost  of  safeguarding  the  public  from  the  possible  hazard 
should  be  considered  an  integral  part  of  the  cost  of  the  research,  and  not 
something  that  you  sort  of  worry  about  as  an  excess  cost.  It  should  be 
really  looked  at,  as  the  technology  involves  both  costs  in  developing  the 
benefits  and  costs  in  preventing  us  from  the  risks. 

DR.  FREDRICKSON:  Other  comments  or  questions? 

Mr.  Helms. 

MR.  HELMS:  You  had  mentioned  that  having  the  paperwork  of  industry 

processed  through  NIH  in  some  fashion  or  other  that  was  manageable,  under  a 
confidential  system.  That  wouldn't  bother  you,  would  it? 

MR.  DACH:  On  the  face  of  it,  it  would  not  bother  me  to  put  that  through 

NIH.  I think  the  makeup  of  the  committee  that  dealt  with  that  information 
might  have  to  be  changed  from  the  way  it  is  now,  and  I would  like  to  look 
more  closely  at  exactly  what  the  procedures  were  for  calling  things  proprie- 
tary and  on  what  basis  they  could  be  released  to  the  public.  I think  we  do 
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have  experience  in  other  areas.  I don't  have  problems  with  them  serving  as 
the  agency  if  they  can  put  the  show  together,  but  I think  in  many  ways  it 
might  be  easier  to  have  another  agency  with  more  expertise  in  enforcement  be 
responsible  for  that.  Perhaps  CDC  has  some  more  experience,  or  perhaps 
another  agency  in  HEW.  I am  not  sure. 

MR.  HELMS:  Okay,  a government  agency.  I would  rather  not  quibble  about 

who  does  what  to  whom. 

MR.  DACH:  Right. 

DR.  FREDRICKSON:  Any  other  comments  or  questions? 

If  not,  then — yes?  Oh,  Dr.  Kamely,  who  is  in  the  ORDA  office.  Dr. 
Kamely,  please  come  to  the  microphone.  Dr.  Kamely  is  one  of  the  three  people 
just  referred  to. 

DR.  KAMELY:  I just  wanted  to  clarify  that  as  overworked  as  we  are,  we 

check  every  single  MUA  that  comes  in  very  carefully,  and  we  check  the  member- 
ship of  the  IBC.  So  far,  we  haven't  found  any  of  the  suggested  membership 
offensive  to  turn  down,  and  that's  why  they  haven't  heard  from  us. 

But  we  acknowledged  them  in  letters.  As  overworked  as  we  are,  we  really 
try  to  do  our  job. 

SPEAKER:  Please  speak  up,  we  can't  hear  a word  you  say  down  here. 

DR.  KAMELY:  I just  wanted  to  say  that  as  overworked  as  we  are — and  we 

are  only  two  persons  in  the  Office  of  Recombinant  DNA  Activities — we  check 
the  MUAs  very  carefully,  and  we  check  the  membership  of  the  IBC.  We  really 
try  to  do  the  best  job  we  can.  We  haven't  found  the  membership  offensive 
to  contact  the  IBCs  and  tell  them  that  the  members  are  inappropriate.  That 
is  why  they  haven't  heard  from  us.  But  we  do  oversee  all  of  that. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Kamely. 

MR.  DACH:  May  I just  respond?  My  comments  were  meant  in  really  a 

perspective  mode  in  that  if  we  are  going  to  give  NIH  more  responsibility 
here,  and  if  such  things  as  the  membership  of  the  biohazards  committees  are 
going  to  be  mandated,  there  is  going  to  be  more  workload  necessary,  and  that 
staff  is  going  to  have  to  be  expanded.  I never  meant  to  say  that  they 
weren't  doing  the  job  the  best  they  can  as  much  as  they  are  overworked,  but 
rather  that  they  were  getting  too  much  work  for  anyone  to  really  expect  them 
to  do  it  properly. 

DR.  FREDRICKSON:  Ms.  Pfund,  I believe  you  are  the  last  of  the  invited 

witnesses  who  wishes  to  speak  at  this  point. 

MS.  PFUND:  Essentially  Leslie  has  covered  a lot  of  the  points  I wanted 

to  make.  I just  want  to  endorse  the  measures  he  has  suggested  for  really 
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putting  some  teeth  into  the  enforcement  provisions  in  these  Guidelines.  I 
think  you  really  have  to  pay  attention  to  strengthening  the  monitoring  proce- 
dures and  strengthening  the  representation  on  not  only  the  institutional 
biohazards  committees,  but  the  Advisory  Committee  as  well. 

Some  other  suggestions  I would  have,  as  far  as  the  institutional  bio- 
hazards committee's  operations  go,  would  be  to  require  that  at  least  a 
majority,  if  not  all  of  the  meetings  of  these  biohazards  committees,  be 
open  to  the  public.  I think  this  would  go  a long  way  toward  establishing 
more  communication  between  the  local  community,  between  the  workers  in  the 
labs,  between  other  employees  of  the  university  not  involved  in  lab  work, 
and  the  principal  investigators.  I think  mere  minutes  alone  are  not  suffi- 
cient to  adequately  inform  the  public  and  other  institutional  employees  of 
the  extent  and  nature  of  local  recombinant  DNA  research  activities.  I have 
seen  some  biohazards  committees  that  do  operate  with  some  meetings  ope., 
to  the  public,  and  I really  can't  say  that  it  has  hindered  their  effective- 
ness or  hasn't  been  valuable  to  the  public  that  did  come  in  to  watch  the 
proceedings . 

Similarly,  the  Advisory  Committee  should  have  a little  more  access- 
ibility to  the  public  in  its  operation.  I think  hearings  such  as  these 
should  be  held  in  the  Recombinant  DNA  Advisory  Committee  as  well  as  in  the 
Director's  Advisory  Committee.  Again,  perhaps  you  could  have  some  of  the 
meetings  in  different  locations  throughout  the  country  so  that  you  don't 
always  have  people  around  Washington  coming  to  these  meetings — so  that  you 
get  more  of  a feeling  for  what  is  going  on  in  the  rest  of  the  Nation.  I 
think,  again,  you  should  pay  some  witnesses  from  the  public  and  from  the 
relevant  interest  groups  to  participate  in  these  hearings  before  any  deci- 
sions are  made. 

To  develop  the  composition  of  the  Advisory  Committee,  I think  a pro- 
cedure similar  to  the  one  that  was  used  for  establishing  the  people  at 
this  meeting  would  be  appropriate — that  is,  get  nominations  or  suggestions 
from  various  groups  such  as  industry  or  academic  research,  environmental 
groups  and  labor,  and  any  other  relevant  disciplines,  and  then  make  the 
selection  process  based  on  these  recommendations;  and  that  way  you  have 
more  of  a tie  into  the  people  who  are  concerned  about  this  research. 

I am  very  much  concerned  about  the  role  of  private  industry  in  this 
research.  I was  at  that  Indiana  conference  where  Roland  Beers  made  the 
statement  about  using  the  revised  Guidelines  before  they  are  really  ap- 
proved, and  really  at  this  point,  there  is  no  way  to  do  anything  about  that, 
because  of  course,  there  is  no  legislation.  I would  just  like  to  submit  to 
the — well,  draw  the  Committee's  attention  to  document  15  in  the  comments.  It 
is  a letter  from  Mark  Lappe,  who  is  in  the  California  Department  of  Health, 
and  he  has  the  suggestion  to  make  that  at  this  time,  recombinant  DNA  tech- 
nology— to  declare  it  an  invaluable  national  resource,  too  precious  to  be 
usurped  and  patented  by  private  corporations,  or  to  become  the  sole  property 
of  individuals.  Each  organism  embodies  novel  knowledge,  and  as  such  belongs 
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to  the  public.  I personally  have  a lot  of  faith  in  this  approach,  at  least 
at  this  time,  because  as  he  points  out  in  this  letter,  recombinant  DNA  tech- 
nology is  immature,  it  is  evolving,  and  there  are  dangers  in  transferring 
it  to  an  industrial  setting  too  early  in  the  game.  So  I would  like  the 
Committee  to  read  this  letter  and  perhaps  comment  on  it. 

DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  Ms.  Pfund,  do  you  have  any  information  on  what  the  relative 

breakdown  is  between  the  biohazards  committees  that  have  open  meetings  and 
those  that  do  not  at  the  present  moment? 

MS.  PFUND:  I have  no  statistical  evidence.  I just  know  that  in  the 

Bay  Area  where  I live,  I think  the  UCSF  had  some  open  meetings,  the  Stanford 
biohazards  committee  has  every  fourth  meeting  open  to  the  public.  There  are 
efforts  to  adjust  it  to  local  conditions.  And  then  there  are  those  that 
keep  them  completely  closed. 

MR.  HUTT:  Has  anyone  given  you  a rationale  for  having  them  closed? 

MS.  PFUND:  Yes,  because  I was  one  of  the  people  who  asked  for  open 

meetings.  When  we  didn't  have  them,  what  they  said  is  that  sometimes  grants 
are — well,  they  are  reviewing  proposals  for  research  that  hasn't  been  approved 
yet,  which  is  classified  information  or  shouldn't  be  given  to  the  public.  So 
that  was  their  rationale.  I think  that  is  why  they  don't  have  every  meeting 
open  to  the  public,  to  protect  that  information,  but  I think  you  could  work 
around  that  fairly  easily. 

DR.  FREDRICKSON:  Dr.  Ahmed. 

DR.  AHMED:  In  the  biohazards  committees  that  you  are  familiar  with,  how 

do  they  give  notice  to  the  public  about  open  meetings?  A newspaper  notice? 

MS.  PFUND:  I think  that  is  something  that  needs  to  be  beefed  up  a 

little,  because  it  is  put  in  the  campus  newspaper,  sometimes  put  in  the 
local  newspaper,  but  it  is  not  very  organized,  and  a lot  of  people  still 
aren't  aware  that  this  is  the  policy  of  the  university's  biohazards 
committee. 


DR.  AHMED:  I would  like  to  follow  up  by  asking  someone  who  sits  on  an 

active  biohazards  committee  what  is  your  agenda  generally  speaking,  and 
how  often  do  you  meet,  and  how  do  you  communicate  with  the  rest  of  the 
academic  community? 

MS.  MENARD:  I would  be  happy  to  answer  that  question. 

DR.  FREDRICKSON:  Ms.  Menard. 


[430] 


227 


MS.  MENARD:  We  have  regularly  scheduled  meetings  on  every  other  first 

Tuesday  of  the  month.  All  the  meetings  are  open  meetings,  open  public 

meetings . 

DR.  AHMED:  Where  is  this,  by  the  way? 

DR.  FREDRICKSON:  It  is  the  University  of  Washington. 

MS.  MENARD:  Yes,  the  University  of  Washington.  All  the  meetings  are 

open  to  the  public.  We  generally  have  review  of  the  minutes  of  the  former 
meeting,  any  discussion.  ...  In  November  we  had  a very  long  discussion 
about  whether  to  allow  P3  experiments  to  go  on  at  the  University. 

We  review  proposals  by  the  investigators.  Each  individual  investigator 
will  get  up  and  give  a lay  summary  of  his  proposal,  and  there  will  be  dis- 
cussion, he  will  answer  questions,  and  then  at  the  end  of  that,  if  there 
are  any  other  comments  by  the  public,  they  will  be  heard.  Then  we  meet  in 
executive  session  and  vote  on  the  proposals. 

MR.  HUTT:  How  do  you  give  public  notice  in  your  case? 

MS.  MENARD:  Through  the  university  information  services.  The  meetings 

which  are,  like  I said,  regularly  scheduled,  are  passed  to  the  newspapers — 
to  the  local  newspapers,  to  the  city  newspapers,  to  the  university  daily-- 
and  I assume,  from  also  telephone  calls  to  the  university  information 
services,  the  radio  stations  as  well. 

MR.  HUTT:  Do  you  get  many  people  coming  in? 

MS.  MENARD:  Generally  we  have  about  50  to  60  members  of  the  academic 

community  and  the  public  coming  to  the  meetings.  It  varies  considerably 
depending  on  the  weather — how  hard  it's  raining. 

MS.  PFUND:  Also  these  meetings,  or  at  least  the  ones  I am  familiar 

with,  tend  to  happen  in  the  middle  of  the  day,  where  it  is — 

MS.  MENARD:  No,  ours  are  all  evening  meetings. 

MS.  PFUND:  Well,  that's  what  I was  going  to  say.  I think  that  some 
effort  should  be  made  to  make  it  so  that  working  peop]  j can  attend  the 
meetings  and  not  have  to  break  up  their  working  day. 

DR.  FREDRICKSON:  Ms.  Menard  is  a research  ass'stant,  a laboratory 

technician  in  a laboratory  conducting  recombinant  T NA  research.  Mr.  Beaty 
is  a student  member  of  an  institutional  committee  in  Oregon.  Do  you  have 
any  further  things  to  add  at  this  point? 

MR.  BEATY:  Well,  I could  add  that  our  institutional  biohazards  commit- 

tee is  nowhere  near  as  active  as  that.  There  has  been  no  mandate  from  our 
community  to  go  any  more  public  than  we  have. 
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DR. 

AHMED: 

Where  are  you  from? 

MR. 

BEATY : 

Corvallis,  Oregon. 

MS. 

PFUND : 

Are  your  meetings  open  to  the 

public? 

MR. 
meet ings 

BEATY: 

, but  no 

Yes,  they  are.  I mean,  they 
public  members  have  attended. 

are  certainly  not  closed 

DR.  FREDRICKSON:  Dr.  DeRoos,  did  you  have  your  hand  up? 

DR.  DE  ROOS:  Yes,  I was  getting  back  to  the  Miles  Laboratory  thing, 
and  just  one  point  of  clarification  here.  I have  no  knowledge  of  it,  and 
the  first  thing  I would  say  is  I would  hope  it  was  approved  by  a biohazards 
committee.  If  it  is  not,  that  is  the  perspective  I am  coming  from.  The 
question  is  that  it  is  not  clear  to  me  whether  it  is  or  it  isn't  at  this 
point,  and  I don't  think  we  have  sufficient  information  to  know  that. 

It  could  be,  if  the  university  where  it  is  going  on,  has  a policy  that 
all  recombinant  DNA  research  needs  to  be  approved  by  that  institution's  bio- 
hazards committee.  On  the  other  hand,  if  that  institution  has  a policy  that 
says  that  just  NIH-funded  research  needs  to  be  approved  by  the  biohazards 
committee,  it  might  not  be.  I just  raise  that  because  it  is  not  clear  to  me 
that  it  is  not. 

DR.  FREDRICKSON:  I think  we  are  debating  a case  in  the  abstract,  be- 

cause we  don't  know  enough  about  it. 

DR.  DE  ROOS:  That  is  the  point  I was  making. 

DR.  FREDRICKSON:  Let  me  state  this,  that  we  have  some  proposed 

thoughts  that  we  want  to  see  incorporated  into  the  new  revisions  without 
reference  to  the  precise  language.  Those  thoughts  would  run  something  like 
this — that  included  in  Section  IV  would  be  wording  suitable  to  achieve  these 
two  objectives: 

One  is  that  as  a condition  for  NIH  funding  for  recombinant  DNA  research, 
grantee  institutions  should  ensure  that  recombinant  DNA  research  conducted 
at  the  institution  shall  comply  with  the  Guidelines  irrespective  of  the 
source  of  funding.  That  is  not  now  in  the  implementation  section. 

The  second  would  be  that  all  NIH-funded  grants  or  contracts  involving 
recombinant  DNA  techniques  must  be  performed  in  compliance  with  the  Guide- 
lines, and  that  violations  of  the  terms  of  this  agreement  may  result  in 
suspension,  limitation,  or  termination  of  such  grants  or  contracts — again  a 
form  of  statement  which  is  not  present  in  any  way  in  the  implementation 
section  now.  I don't  want  to  get  into  debate  about  that,  but  since  you 
asked  the  question,  that  is  under  consideration  for  inclusion  in  the  revi- 
sion language. 
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I think  if  that  is  all  for  Ms.  Pfund,  I omitted  one  invited  witness 
who  wanted  to  speak,  and  that  is  Dr.  Davis.  Then  we  will  go  to  the  public 
witnesses . 


DR.  DAVIS:  It  seems  to  me  that  the  character  of  the  discussion  has 

varied  quite  a bit  from  one  part  of  these  two  days  to  another.  This  morning 
has  been  perhaps  less  balanced  than  some  other  times,  so  I would  like  to 
take  up  a couple  of  minutes  of  your  time  to  summarize  some  rather  general 

remarks . 

Before  that,  let  me  offer  one  correction  on  the  specific  content  of  the 
Guidelines  in  the  section  that  we  are  discussing,  and  that  is  the  statement 
on  page  49604,  a third  of  the  way  down  the  third  column:  that  the  local 

committees  should  possess  competence  "to  determine  the  acceptability  of  its 
findings  in  terms  of  applicable  laws,  regulations,  standards  of  practice, 
community  attitudes,  and  health  and  environmental  considerations."  I would 
like  to  question  the  wisdom  of  including  community  attitudes  here.  Com- 
munity attitudes  must  be  taken  into  account  very  ser iously--and  I presume 
they  are — in  the  setting  up  of  the  regulations,  but  for  local  committees  to 
be  considering  community  attitudes  would  seem  to  me  to  suggest  that,  in  one 
place,  if  the  scientists  squeal  loudly  enough,  the  committee  might  become 
more  relaxed  than  at  another  place,  and  vice  versa.  It  seems  to  me  perhaps 
an  inappropriate  time  or  level  at  which  to  take  those  into  account. 

Now,  the  general  remarks  are  as  follows:  It  seems  to  me  there  has 
been  a good  deal  of  artificial  dichotomizing  in  much  of  the  discussion  last 
evening  and  this  morning,  proceeding  on  the  assumption  that  scientists  are 
concerned  in  their  input  solely  with  the  advancement  of  science,  in  terms  of 
their  personal  advancement,  and  the  cultural  contributions  of  science,  while 
others  must  be  concerned  with  the  welfare  of  society.  That  is  surely  far 
from  an  accurate  reflection  of  the  activities  of  committees  of  scientists 
that  have  been  concerned  with  this  work.  The  responsible  scientific  groups 
must  be  concerned  with  balancing  risks  with  benefits,  and  therefore  taking 
into  account  the  welfare  of  society,  and  also  taking  into  account  the  risks, 
because  they  are  clearly  the  first  at  risk.  We  have  heard  much  evidence 
that  the  possibility,  the  very  low  possibility  with,  say,  an  E.  col i K-12 
strain  of  a laboratory  infection,  is  still  very  much  larger  than  the  pos- 
sibility of  an  epidemic. 

Now,  I would  like  to  call  attention  to  a very  important  article  written 
by  Freeman  Dyson  [?],  a theoretical  physicist  at  the  Princeton  Institute,  in 
the  Bulletin  of  Atomic  Scientists,  I think  it  was  between  two  and  three  years 
ago,  called,  "On  the  Hidden  Costs  of  Saying  No."  Professor  Dyson's  thesis 
was  that  it  is  very  easy  within  the  structure  of  social  actions  that  we  are 
familiar  with  to  convict  a person  for  doing  something  that  hurts  another 
person.  That  is  part  of  our  legal  framework.  You  cannot  convict  a person 
for  not  making  a discovery  that  could  have  helped  other  people.  The  aim  of 
scientists  is  to  convert,  as  far  as  possible,  many  acts  of  God  that  harm 
people  into  things  that  are  no  longer  acts  of  God.  But  you  can't  throw  a man 
in  jail  or  even  fine  him  for  not  bothering  to  do  that.  And  everybody  who  has 
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worked  in  the  biomedical  sciences,  whether  he  has  had  direct  medical  experi- 
ence or  only  thinks  in  terms  of  indirect  connections,  is  aware  of  the  intense 
loss  to  society  if  we  discourage  activities  that  will  convert  some  former 
lethal  acts  of  God  into  cures  and  preventions  that  will  save  human  lives. 

I am  rather  disturbed  by  the  extent  to  which  that  aspect  of  the 
activity  of  scientists  tends  to  get  overlooked  in  very  heartfelt  and  real 
concerns  over  the  other  aspects  of  the  welfare  of  society.  What  Professor 
Dyson  suggests  is  that  somehow  our  society  must  try  to  construct  mechanisms 
for  balancing  better  the  cost  of  saying  yes  to  a given  kind  of  research 
which  does  have  risks,  and  the  costs  of  saying  no  because  of  those  risks, 
and  therefore  depriving  society  of  the  benefits. 

The  problem  of  recombinant  DNA  seems  to  me  to  exemplify  this  concern 
of  Dyson's  several  years  after  he  wrote  it,  as  vividly  as  any  problem  that 
has  ever  come  up.  The  public  is  willing  to  see  and  encourage  investigators 
to  take  large  personal  risks  when  the  risk  is  closely  connected  with  the 
benefit.  Nobody  says  that  medical  investigators  should  not  be  willing  to 
take  tissues  from  people  who  died  with  Legionnaire's  Disease,  know  absolute- 
ly nothing  about  it,  but  work  with  it  in  the  lab  and  conceivably  risk  their 
lives,  because  somebody  has  to  do  that  in  order  to  find  cures  and  preven- 
tions for  future  cases  of  Legionnaire's  Disease. 

With  recombinant  DNA  there  isn't  that  close  a connection  between  the 
risks  that  we  are  concerned  with  and  the  benefits,  except  that  I think  that 
all  of  those  who  have  given  much  thought  to  the  subject  would  agree  that  the 
potential  benefits  from  work  on  Legionnaire's  Disease  are  infinitely  larger 
than  the  risks  involved  on  isolating  a single  pathogenic  organism. 

Now,  I do  not  know  how--I  don't  have  a specific  prescription  on  how  to 
achieve  this  better  balance  that  Professor  Dyson  urges  that  our  society  take 
— but  I urge  that  those  who  are  especially  concerned  with  what  they  see  as 
real  hazards  to  society,  take  very  much  into  account  the  costs  of  not  en- 
couraging the  rapid  promotion  of  a kind  of  research  that  all  biologists 
agree  has  as  broad  a spectrum  of  potential  benefits  as,  say,  the  use  of 
radioactive  isotopes. 

I will  not  take  the  time  to  outline  the  benefits  of  this  research, 
which  has  received  very  little  discussion  in  these  two  days.  The  relation 
to  cancer  stares  one  in  the  face. 

One  last  consideration  is  not  only  the  question  of  what  the  regulations 
will  do  if  excessively  bureaucratic,  to  the  rate  of  progress,  but  also  what 
they  will  do  to  the  morale  of  the  scientific  community  if  it  finds  itself 
constantly  under  attack  and  on  the  defense  for  carrying  out  as  responsibly 
as  possible  highly  laudible  activities. 

DR.  FREDRICKSON:  Any  questions  or  comments? 

Dr.  Ahmed. 
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DR.  AHMED:  As  a professional  scientist,  Dr.  Davis,  are  you  in  favor  of 

the  proposed  revised  Guidelines  or  not,  or  somewhere  in  between? 

DR.  DAVIS:  I think  I said  yesterday  that  I consider  the  proposed  re- 

vision a step  in  the  right  direction,  and  the  political  decision  which  we 
discussed  last  evening  as  a part  of  the  process.  I would  not  object  to  the 
political  decision  that  this  is  as  far  as  one  ought  to  go  at  this  stage.  On 
the  other  hand,  I think  that  on  the  basis  of  the  scientific  evidence,  the 
relaxation  in  a number  of  areas  has  not  gone  far  enough.  So  I am  not  opposed 
to  the  proposed  revision,  but  I would  be  very  happy  to  see  further  relaxation 
introduced  on  the  basis  of  the  evidence  that  has  accumulated  in  the  last  two 
years . 


DR.  AHMED:  Well,  let  me  follow  this  up.  You  made  several  statements 

philosophically  about  how  regulations  or  bureaucracy  may  tamper  with  scien- 
tific creativity.  How  do  you  see  these  Guidelines  having  an  effect  on 
scientists  to  really  be  creative  in  their  own  field  of  endeavor? 

DR.  DAVIS:  Oh,  I think  that  the  present  Guidelines  have  quite  signifi- 

cantly hampered  many  kinds  of  biological  research  that  could  benefit  from 
work  on  recombinant  DNA.  It  has  discouraged  people  in  many  lines  of  inves- 
tigation from  taking  the  trouble  when  they  get  an  idea  in  which  recombinant 
DNA--  I have  had  the  same  experience  in  our  lab.  You  think  of  something 
that  you  might — you  know,  science  doesn't  proceed  in  a terribly  long-term 
planned  way,  although  you  have  to  make  grant  applications.  But  the  impor- 
tant decisions  are  made  day  by  day,  and  you  do  an  experiment,  and  you  get  an 
idea,  and  you  think  of  doing  something.  Then  if  it  is  easy  to  do,  you  do 
it.  If  it  is  harder,  you  have  to  be  more  convinced  that  it  has  a high  enough 
priority  to  be  worthwhile.  If  you  see  that  you  have  to  engage  now  in  a good 
deal  of  bureaucratic  activity,  you  will  do  it  if  you  want  to  set  up  a large 
program,  but  if  you  get  an  idea  today  for  a single  recombinant  DNA  experiment 
that  would  be  quite  easy  to  do,  you  are  not  likely  to  do  it. 

DR.  AHMED:  So  you  are  basically  in  favor  of  all  the  Guidelines  with 
respect  to  biohazards  committees,  although  you  quibbled  about  the  word  about 
community  something.  And  you  are  generally  in  agreement  with  Section  IV. 

Is  that  correct? 

DR.  DAVIS:  I believe  I have  already  stated  that  I do  not  object  to 

the  proposed  revision  of  the  Guidelines.  I would  prefer  to  see  some  changes, 
but  I do  not  object  to  them. 

DR.  FREDRICKSON:  Dr.  Sturgis. 

DR.  STURGIS:  The  public  is  in  an  agony  of  apprehension  about  this  whole 

area,  and  you  say  that  the  benefits  are  infinitely  larger  than,  for  instance, 
research  in  the  Legionnaire's  Disease,  which  is  close  to  my  heart,  coming 
from  Philadelphia.  Don't  you  think  it  would  be  helpful  if  we  talked  a little 
more  about  the  benefits  so  that  the  public  would  have  some  reassurance?  We 
talk  so  much  amount  the  possible  risks. 
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DR.  DAVIS:  I do  believe,  as  I indicated,  that  the  discussion  in  the 
last  two  days  in  that  respect  has  been  somewhat  unbalanced,  but  there  is 
great  pressure  for  time,  and  there  have  been  many  statements  made  under 
other  circumstances  about  the  benefits.  I don't  know  what  would  be  Dr. 
Fredrickson's  pleasure.  I think  it  would  take  up  quite  a bit  of  time  to 
start  going  into  detail  on  the  potential  benefits. 

DR.  FREDRICKSON:  I think  it  wouldn't  be  appropriate  to  try  to  do  it  now. 

I think  the  benefits  probably  would  take  too  much  time  to  cover — the  potential 
benefits.  If  you  would  submit,  however,  a summary  for  the  record  in  response 
to  Dr.  Sturgis,  I think  that  would  be  very  helpful.  Would  that  be  all  right, 
Dr.  Sturgis? 

Mr.  Helms. 

MR.  HELMS:  I am  wondering  if  in  conjunction  with  that,  something 

couldn't  be  done  to  follow  up  Dr.  Gustafson's  suggestion.  He  made  a sug- 
gestion along  those  same  lines,  except  with  respect  to  a mathematical 
probability  analysis.  I am  wondering  if  you  had  any  thoughts  on  that  or 
whether  you  could  manage  that.  That  is  probably  not  your  field,  but  whether 
you  could  collaborate  with  someone  to  implement  the  suggestion  made  by  Dr. 
Gustafson? 

DR.  DAVIS:  Are  you  perhaps  referring  to — maybe  I am  not  clear  on  this 

— to  Dr.  Rosenblith's  suggestion  that  experts  in  risk  analysis  be  brought 
into  it? 

DR.  FREDRICKSON:  No,  I think  he  is  talking  about  the  probabilities  of 

potential  benefits. 

MR.  HELMS:  The  probabilities  of  benefits  as  opposed  to  simply  the  proba- 

bilities of  risks  or  disasters. 

DR.  FREDRICKSON:  Any  successful  scientist  is  an  expert  in  probabili- 

ties. 


(Laughter . ) 

PROFESSOR  ROSENBLITH:  On  a rather  intuitive  level. 

DR.  FREDRICKSON:  An  intuitive  level,  I agree.  And  lacking  ordinal 

precision. 

PROFESSOR  ROSENBLITH:  Yes,  just  numerals. 

MR.  HELMS:  So  if  you  could  undertake  that,  that  would  be  of  some  use. 
In  other  words,  not  only  present  the  benefits  as  you  see  them,  but  the 
probabilities  of  their  being  attained. 
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DR.  DAVIS:  I would  rather  not  put  such  crystal  ball  assessments  into 

numbers.  I think  I would  feel  rather  uncomfortable  with  any  numbers,  but  I 
would  rather  base  it  on  what  we  know  about  the  history  of  science,  which  is 
that  almost  any  basic  discovery  cannot  be  predicted  to  have  large  valuable 
applications,  but  the  totality  of  the  basic  discoveries  that  have  been  made 
in  a variety  of  areas  have  produced  all  of  the  benefits  that  we  now  enjoy  in 
medical  and  technological  applications.  It  is  confidence  in  the  continu- 
ation of  this  process  that  I am  building  on  rather  than  a pretense  that  I 
can  take  any  one  specific  benefit  and  tell  you  what  the  probability  is  or  how 
many  years  it  will  take  to  reach  it. 

DR.  FREDRICKSON:  Dr.  Sinsheimer.  And  then  Dr.  Gustafson. 


DR.  SINSHEIMER:  I seem  to  have  a reflex  to  respond  whenever  Bernie 

talks.  I am  going  to  have  to  learn  how  to  control  it. 

(Laughter . ) 

While  I agree  with  you,  Bernie,  that  there  is  a cost  to  saying  no,  I 
really  think  that  puts  the  shoe  on  the  wrong  foot.  The  whole  tenor  of  our 
society  is  the  other  way  around.  The  whole  tenor  of  our  society  is  that 
what  can  be  done  will  be  done.  That  is  the  prevailing  line.  It  is  just  in 
the  last  few  years,  it  seems  to  me,  that  people  are  beginning  to  question 
that  at  all.  This  is  a feeble  attempt  at  that. 


DR.  DAVIS:  I am  not  sure,  Bob,  that  that  applies  very  much  to  this 

situation,  though.  The  tenor  of  our  society  certainly  has  involved  a tech- 
nological imperative  to  which  many  scientists,  I think,  would  be  personally 
resistant,  though  they  don't  have  control  over  applications,  and  if  they 
tried  to,  that  would  probably  destroy  public  confidence  in  their  humility 
more  than  anything  else  I can  imagine.  So  the  notion  that  scientists  some- 
how should  decide  what  should  and  shouldn't  be  done,  I think,  in  practice 
has  to  be  excluded. 


It  would  be  possible  for  anybody 
activity,  technically,  but  scientists 
tance  at  all  to  the  notion  that  they 
uniformly  recognize  that  they  are  at 
I think  John  Tooze ' remarks  last  nigh 
can  be  done  that  are  obviously  harmfu 
prudent  than  other  people,  other  than 
the  uncertainties  of  the  risks  in  thi 
prolonged  discussion. 


to  work  with  any  amount  of  radi 
, as  far  as  I know,  have  had  no 
should  accept  regulations,  becau 
risk  and  that  the  risks  are  very 
t are  very  pertinent,  that  when 
1,  scientists  aren't  going  to  be 
an  occasional  madman.  It  is  be 
s case  that  we  are  having  so  muc 
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DR.  FREDRICKSON: 


Dr.  Gustafson. 


DR.  GUSTAFSON:  Mine 

logian  in  me  every  time  I 


is  not  a serious  comment, 
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invoked  for  some  very  odd  things,  so  I would  like  to  ask  Dr.  Davis  to  please 
be  careful  how  he  uses  theological  language,  if  he  expects  me  to  be  careful 
how  I use  the  genetics  language. 

(Laughter . ) 

DR.  DAVIS:  May  I substitute  "the  Creator"  next  time? 

DR.  FREDRICKSON:  Are  there  any  other  questions  for  Dr.  Davis? 

Then  I would  like  to  turn  to  the  public  witnesses,  and  call  first  upon 
Professor  James  Watson,  who  is  the  Director  of  the  Cold  Spring  Harbor 
Laboratory  on  Long  Island. 

Dr.  Watson. 

DR.  WATSON:  As  one  of  the  signers  of  the  original  moratorium,  I apolo- 

gize to  society.  I think  it  reflected  two  fears.  Maybe  you  could  call  them 
paranoid.  One,  of  cancer,  which  all  of  us  have  reflected  in  different  ways, 
is  an  awful  thing.  And  the  second  was  of  the  Agency.  Sort  of  left-wing 
liberals  like  myself  don't  like  the  CIA.  So  the  original  moratorium,  I think, 
reflected  the  thought  that  maybe  "a  cancer  gene  would  spread  to  society"  and 
you  didn't  want  to  do  that.  And  second,  well,  you  might  make  some  bad  bug 
which  could  be  used  to  do  in  somebody  that  shouldn't  be  done  in  legally. 

This  second  one  I never  thought  much  of  because  I was  once  an  advisor  to  the 
Government  at  Fort  Detrick,  and  it  never  seemed  to  me  a very  practical  thing. 

Well,  I think,  at  that  time,  i f we  had  thought,  we  would  have  realized 
we  were  very  silly,  because  we  are  all  infected  by  these  viruses,  SV40  and 
their  type,  every  Herpes  virus — they  can  all  transform  cells.  And  we  are 
living  with  this,  and  the  added  risk  of  a sort  of  Rube  Goldberg  scenario  of 
getting  into  E.  coli  and  then  getting  back  to  us;  we  shouldn't  have  done  it 
at  all,  it  was  just  sloppiness.  All  of  us,  we  shouldn't  have  done  it. 

That  led  to  Asilomar,  and  Asilomar  then  produced  what  I thought  was  a 
total  disaster,  an  attempt  to  quantitate  risks  when  there  was  no  evidence 
at  all  that  any  of  it  was  dangerous. 

DR.  FREDRICKSON:  Can  you  speak  up,  please? 

DR.  WATSON:  Yes.  There  was  no  evidence  that  anything  was  more  dangerous 

than  the  other.  That  PI,  P2,  and  P3  were  a response  to  different  sorts  of 
dangers  was  a figment  of  people's  imaginations.  And  in  response,  I think,  to 
look  good.  Everyone  else  was  guilty,  so  we  might  as  well  do  it,  especially 
since  it  wouldn't  harm  our  research  because  of  the  safe  vector.  The  safe 
vector  has  turned  out  to  be  a lot  harder  to  show  is  safe,  and  we  got  ourselves 
in  the  position  of  having  to  prove  that  what  we  were  doing  is  safe  rather 
than — I think  the  only  way  a free  society  can  operate  is  to  let  people  do 
what  they  want  unless  you  can  show  that,  you  know,  an  ant  has  died,  something 
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has  been  harmed.  But  there  has  been  no  evidence  that  any  of  this,  I think, 
will  really  lead — Now,  you  can  always  make  madman  scenarios,  but  I don't 
think  so. 

Now,  when  you  got  to  that  situation  and  then  it  got  out  to  the  public, 
as  far  as  I can  see  it,  one  essentially  sort  of  got  afraid  of  all  this 
illegitimate  sex  that  we  were  creating  in  the  sense  of  mixing  up  things  that 
don't  normally  mix  up.  Upon  reflection,  that  was  again  very  silly,  because 
with  viruses — And  now  we  know  that  DNA  travels  all  around,  and  you  can't 
prove  that  when  a mosquito  bites  you  that  you  don't  get  some  mosquito  DNA, 
but  it  might  explain  some  of  our  neighbors'  behavior,  you  can  never  tell. 

Or  gnats,  certainly. 

(Laughter . ) 

We  as  scientists  are  always  very  cautious  to  say  that  what  happens  in 
E . col i transduction  would  happen  otherwise,  but  I think  DNA  moves  around  a 
lot.  It  probably  doesn't  always  do  good.  I doesn't  necessarily  do  bad, 
but  it  is  going  to  happen.  And  I think  what  we  are  going  to  do  with  recom- 
binant DNA  using  E.  col i is  just  trivial.  I think  this  finally  became  clear 
when  Congress  took  it  up,  and  finally  before  the  Senate  Committee  called  a 
halt,  they  had  a preamble  to  the  bill  which  also  was  going  to  start  worrying 
about  ordinary  experiments  with  bacterial  sexuality,  because  they  might  be 
dangerous.  You  could  have  a committee  to  say  what  is  safe  there,  and  then 
you  should  worry  that  even  human  sexuality  produces  offspring  that  we  can't 
predict.  Maybe  we  should  have  a committee  there.  And  the  whole  thing  is 
that  we  just  don't  know.  We  don't  live  in  a risk-free  society.  So  far  as  I 
can  see  this  great  institute  which  this  place  represents  is  trying  to  do 
something  to  help  sick  people,  and  sort  of  prevent  further  misery.  I think 
that  is  the  real  function. 

I think  the  thought  that  we  are  trying  to  do  research  for  our  own 
careers,  sure,  if  we  make  a success  our  career  gets  advanced,  but  I think  that 
many  of  us  seriously  think  of--say  we  are  working  on  viruses,  we  like  our 
results  to  be  used  for  society.  I think  we  are  totally  diverted  away  from  the 
true  mission  of  the  National  Institutes  of  Health,  on  totally,  in  a sense,  a 
witchhunt,  because  there  is  no  evidence  that  any  danger  exists.  The  amount  of 
money,  the  amount  of  psychic  time  which  is  diverted  away  from  us  working  on 
cancer,  which  is  what  my  own  institute  does,  has  been  enormous.  It  has  been 
not  a total  catastrophe,  but  a mild  one,  and  it  can  get  worse. 

I think  if  you  want  to  pass  laws,  you  know,  you  could  do  it  against 
pathogenic  microorganisms.  You  could  go  into  hospitals,  you  could  see 
whether  it  was  safe  for  the  doctors  to  see  the  patients,  and  you  would  quick 
give  up,  because  it  is  just  too  hard.  NIH  could  take  to  regulate  the  re- 
search on  viruses  done  here.  There  is  very  little.  The  real  reason  is  that 
microbiology  has  proceeded  without  doing  in  society.  We  think  that  it  has, 
in  fact,  helped  society.  That  is  why  the  Director  is  not  having  sleepless 
nights  worrying  about  how  many  P3  facilities  there  are  over  in  allergy  and 
infectious  diseases.  Damn  few,  I can  tell  you.  That  is  probably  not  one  of 
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his  major  problems.  Instead,  we  and  too  much  of  the  outside  world  is  worry- 
ing about  a very  minor  thing  while  Rome  is  burning.  People  are  still  sick, 
dying,  and  we  should  worry  about  it. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Watson.  Would  you  remain  at  the  podium? 

I think  Dr.  Ahmed  would  like  to  comment  or  ask  a question. 


DR.  AHMED:  I am  having  a great 
ments  here.  Let  me  put  it  this  way. 
a mistake — 


deal  of  difficulty  following  your  argu 
First  you  say  that  the  moratorium  was 


DR.  WATSON:  Yes. 


DR.  AHMED:  — and  Asilomar  was  a disaster. 


DR.  WATSON:  Yep. 

DR.  AHMED:  And  everything  else  you  have  done,  you  have  retracked  back, 

and  you  now  suddenly  see  the  light. 


DR.  WATSON:  No,  I think  I saw  it  a couple — 


DR.  AHMED:  Let  me  try  to  finish.  You  have  been  to  many  blind  alleys,  is 

apparently  what  you  are  saying. 

DR.  WATSON:  Yes. 


DR.  AHMED:  What  assurance  do  we  have  that  now  you  have  finally  seen 

the  light  when  you  have  made  so  many  mistakes  in  the  past,  that  now  relaxa- 
tion is  the  right  way? 

(Laughter . ) 

DR.  WATSON:  I think  you  have  to  go  to  the  general  philosophical  thing  of 

what  is  a free  society,  that  you  allow  your  neighbor  to  do  what  he  wants 
unless  there  is  real  evidence  that  he  is  a killer  and  just  doesn't  look  like 
one.  That  is  a very  important  distinction  in  the  eyes  of  the  law.  There  is 
no  evidence  at  all  that  recombinant  DNA  research  poses  the  slightest  danger 
to  anyone.  You  can  say  it  does,  but  you  haven't  got  any  evidence  of  anyone 
getting  sick,  or  any  animal  getting  sick.  That  is  the  way. 

Now,  if  you  want  to  take  DDT,  you  can  say  that  bird's  eggs  don't  hatch. 

Or  you  can  take  dioxin.  I wanted  to  put  together  something  that  I am  going 
to  call  the  Whole  Risk  Catalogue,  which  puts  together  all  risks,  and  I have 
thought  of  those  which  start  with  D.  Dogs,  doctors,  dieldrin,  dioxin,  dober- 
mans . I could  just  go  down  the  line.  And  where  do  I put  DNA?  Awfully  low 
in  the  eyes  of  the  things  which  I think  an  intelligent  society  should  be 
worrying  about. 
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Now,  I think  it  is  very  sad,  as  someone  who  has  given--to  me  I find  it 
sad--has  always  supported  the  environmental  movement,  given  money  to  EDF , and 
so  on,  to  find  them  spending  this  sum  of  money  on  what  I consider — without 
any  evidence.  You  have  to  have  your  credibility,  that  when  you  attack  some- 
thing, there  is  evidence;  not  just  say  "I  don't  like  you." 

DR.  AHMED:  Let  me  respond  to  that. 

DR.  WATSON:  Let  me  say  one  more  thing.  I think  we  have  heard  enormous 

talks  about  people  who  haven't  obeyed  the  regulations.  Now,  I think  they 
should  have,  and  at  Cold  Spring  Harbor,  God,  we  try  to  follow  them,  because 
we  know  our  necks  would  be  cut  off  if  we  didn't.  But  we  should  be  careful 
of  what  sorts  of  penalties  we  pay  against  people  who  cheat  at  tiddlywinks. 

DR.  AHMED:  My  response  to  that,  and  I think  this  is  a greatly  important 

question,  you  support  public  interest  groups,  apparently,  and  you  think  that 
the  kind  of  work  they  do  should  have  a basis  of  fact? 

DR.  WATSON:  Yes. 


DR.  AHMED:  Every  issue  that  we  have  ever  been  involved  in,  there  has 

always  been  two  sides  to  the  question — DDT,  DES,  all  the  D's  you  can  mention, 
all  the  E's,  F's,  and  G's.  There  has  always  been  two  sides  to  the  question. 
There  were  people  who  in  the  early  days  of  DDT  said  there  is  no  problem  what- 
soever with  DDT.  Now,  you  happen  to  believe  in  the  DDT  disaster,  you  happen 
to  believe  in  toxic  substances.  There  is  a whole  field  of  thinking  that  — 

DR.  WATSON:  I believe  it  when  someone  shows  that  someone  is  ill,  sick. 

DR.  AHMED:  Weil,  sometimes  you  don't  have  the  evidence  of  sickness.  You 

can  only  make  judgment  by  extrapolating  from  animal  studies  or  from  some — 


DR.  WATSON:  I mean,  how  do  I know  that  you  aren't  sort  of  a professional 

killer?  I have  no — I mean,  I can  say  it  looks  like  it.  I don't  think  you 
are,  but  maybe  you  are. 

(Laughter . ) 


You  know,  you  could  be  a Russian  spy  out  to  divert  the  United  States 
against,  you  know,  you  could  imagine  all  these  sorts  of  plots.  How  to  do  in 
our  great  country. 


DR.  AHMED:  But  it  is  true  that  there  has  always  been  two  sides  to  the 

question,  and  when  you  make  a categorical  remark  that  there  is  no  evidence,  I 
find  it  hard  to  accept. 


DR.  WATSON: 
of  evidence,  one 
dangerous? 


Will  anyone  in  this  audience  stand  up  and  show  one  piece 
item  from  the  literature,  in  which  recombinant  DNA  is 
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DR.  AHMED:  The  same  question  could  have  been  posed  30  years  ago  on 

asbestos . 

DR.  WATSON:  What? 

DR.  AHMED:  The  same  question  could  have  been  posed  30  years  ago  on 

asbestos.  We  didn't  have  the  evidence  then. 

DR.  WATSON:  But  until  someone  gets  sick,  you  can't  fight  against  it. 

You  have  to  have  a reason.  There  are  so  many  things  we  can  get  worried 
about,  we  have  to  limit  ourselves  to  those  things  for  which  there  is  evidence. 

I mean,  there  are  lots  of  things  that  scare  the  shit  out  of  me,  like 
TRIS  and  so  on.  Recombinant  DNA,  no. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  I think,  Dr.  Watson,  in  fairness,  one  of  the  things  that 

brings  us  all  here — I understand  fully  your  point  of  view,  and  I think  I 
appreciate,  after  spending  some  time  with  scientists,  some  of  your  frus- 
tration with  this.  But  I must  say,  I think  it  took  a certain  amount  of 
courage  for  people  like  you  and  Paul  Berg  to  bring  out  what  you  thought 
was  a problem  in  the  beginning.  But  I must  say  to  you  that  because  of  the 
enormous  respect  that  you  enjoy,  as  does  he  and  others,  that  you  simply 
can't  call  that  back  in  a flash. 

DR.  WATSON:  That  is  why  I apologized  to  start  with.  I mean,  that  is 

all  I can  do. 

MR.  HELMS:  But  I am  not  sure  that  you  should  really  apologize  for 

that,  frankly  because — 

DR.  WATSON:  Scientifically  I was  a nut. 

MR.  HELMS:  I don't  know.  You  judge  yourself.  But  I — 

DR.  WATSON:  I have  no  respect  at  all  for  that  action.  All  people  in 

this  room  are  infected  with  BK  early  in  life,  to  start  worrying  about  it. 

I mean,  you  know,  just  the  paranoia  of  physicists  turned  molecular  biolo- 
gists. Molecular  biologists  are  quite  good  at  what  they  do,  but  to  take 
them  too  seriously  as  human  beings  is  nonsense. 

(Laughter . ) 

What  we  are  witnessing  is  a disaster  caused  by  molecular  biologists, 
and  a terrible  diversion  of  an  intelligent  agency's  mission  away  from  what 
they  should  be  doing. 
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DR.  FREDRICKSON:  Are  there  any  other  comments  or  questions  for  Dr. 

Watson? 


Dr.  Molina. 


DR.  MOLINA:  I just  have  a comment.  This  attitude  of  innocence  until 

proven  guilty,  that  applies  to  people,  but  not  necessarily,  say,  to  chemi- 
cals or  perhaps  recombinant  DNA.  At  least  with  chemicals  you  can  clearly 
think  of  some  chemicals  that  you  might  mass  produce  that  would  certainly  be 
very  harmful.  So  you  don't  do  that  even  if  you  do  not  have  clear  evidence 
that  they  would  do  harm,  and  that  is  what  we  are  concerned  about  here, 
potential  harm,  even  if  it  is  not  necessarily  overwhelming.  So  there  are 
two  sides  to  the  issue. 


DR.  WATSON:  But,  you 

all  of  these  people,  with 
a black  kid  to  school,  or 
something.  This  is  not  a 


know,  it  is  a question  of  how  big 
millions  of  dollars  which  have  been 
teaching  a Mexican-American  how  to 
sort  of--we  do  not  have  infinite  we 


is  the  risk  to 
spent  on  sending 
speak  English  or 
alth  to  squander. 


DR.  MOLINA: 


It  is  a matter  of  judgment. 


MS.  KING:  I just  wanted  to  say  to  Dr.  Watson  as  a member  of  the  public, 

that  even  though  he  thinks  his  actions  some  years  ago  were  misguided,  that 
there  are  some  of  us  who  believe  that  what  they  did  was  terribly  important. 
And  God  forbid — sorry,  Professor  Gustafson — what  would  have  happened  if  the 
public  had  learned  about  recombinant  DNA  if  scientists  did  not  originally 
tell  us.  You  would  have  faced,  I fear,  a far  more  drastic  public  reaction 
than  you  have  already  had. 


DR.  WATSON: 
to  worry  about. 
And  as  a society 
damn  this. 


I don't  think  so,  because  there  was  nothing  for  the  public 
There  are  many  things,  facts,  which  we  should  worry  about, 
we  should  worry  about  facts,  and  there  are  no  facts  to 


DR.  GINSBERG:  I would  like  to  support  Dr.  Watson  in  that.  We  have  in 

every  city  in  the  land  hospitals  with  bacteriological  and  biological  diag- 
nostic laboratories.  In  those  hospitals,  day  in  and  day  out,  are  being 
handled  much  more  dangerous  organisms  than  any  recombinant  DNA,  and  nobody 
has  worried  about  it  all  these  years. 

DR.  WATSON:  I mean,  this  is  supposedly  a great  dialogue  between  science 

and  the  public,  but  I couldn't  think  of  a worse  thing,  because  there  is 
nothing  to  bring  the  public  into  yet.  If  you  could  bring  them  into  the  fact 
that  we  are  going  to  kill  ten  people  or  something  like  that,  then  you  could 
have  a dialogue,  but  how  could  you  have  a dialogue  on  the  probability  of  a 
witch? 

DR.  FREDRICKSON:  Dr.  Sinsheimer,  and  then  Dr.  Campbell  from  the  RAC. 
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DR.  SINSHEIMER:  Just  a small  point.  There  is  a basic  question,  Jim, 

as  to  on  whom  should  lie  the  burden  of  proof,  and  we  could  spend  a long 

time  discussing  that.  I just  want  to  make  the  point  that  really  was  made 

yesterday,  when  you  weren't  here,  that  there  is  not  a sufficient  base  of 
evidence  to  say  whether  anyone  has  or  has  not  been  harmed  by  recombinant 
DNA.  There  is  simply  no  data  as  to  the  health  of  people  in  laboratories. 

DR.  WATSON:  But  that  is  true  of  everything.  I mean,  we  were  damned  for 

Legionnaire's  disease  by  Ruth  Wald  about  a year  ago.  Then  my  neighbor 

gets  pneumonia  in  Martha's  Vineyard,  and  he  comes  up  to  me  and  says  recom- 
binant DNA.  I mean,  what  am  I supposed  to  do?  Every  case  of  atypical 
pneumonia?  Jesus.  People  have  enough  reason  to  attack  me,  without  this. 

(Laughter . ) 

DR.  FREDRICKSON:  Dr.  Campbell? 

DR.  CAMPBELL:  There  are  two  general  points  about  recombinant  DNA.  I 

agree  very  much  with  Jim,  but  I think  there  is  one  thing  that  has  been  un- 
said here.  There  is  not  only  an  absence  of  evidence  that  recombinant  DNA  is 
harmful,  but  there  is  also  the  absence  of  something  which  I think  some  of  us 
thought  existed  at  the  time  of  Asilomar,  although  nobody  had  stated  it  very 
explicitly,  and  that  was  that  there  was  some  valid  theoretical  reason,  as  an 
extension  of  existing  knowledge,  for  thinking  that  recombinant  DNA  did  pose 
some  special  threat.  I think  Jim  was  already  fairly — had  seen  through  this 
argument  by  the  time  of  Asilomar,  and  had  adopted  roughly  his  present  posi- 
tion. It  has  taken  some  of  us  longer  to  reach  that  stage,  but  I would  say 
that  at  this  time  I am  still  waiting  to  hear  someone  provide  a coherent, 
convincing  argument  that  I can  accept  that  there  is  any  theoretical  reason 
for  worrying  about  the  dangers  of  recombinant  DNA. 

DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  I think  that  is  a terribly  important  point,  frankly,  because 

we  obviously,  in  proceeding  along  these  things,  there  ought  to  be  a theo- 
retical construct  that  is  the  basis  for  going  in  whatever  direction  we  are 
going. 

Now,  let  me  ask  you  without  trying  to — obviously  you  don't  any  longer 
think  that  there  is.  Am  I correct,  Dr.  Watson? 

DR.  WATSON:  I was  never  very  worried  about  it.  I thought  a meeting  at 

which  people  talked  about  it  was  the  most  silly,  goddamn  thing  I ever  did. 

I have  done  a lot  of  silly  things,  but  it  was  by  far  the  silliest. 

MR.  HELMS:  But  I gather  now,  the  very  specific  question  I am  asking  you 
is  whether  you  think  that  there  is  a theoretical  construct  for  recombinant 
DNA  materials  causing  harm  to  the  public,  and  you  do  not  think  there  is? 
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DR.  WATSON:  I think  so  many  things  can  cause  harm  to  the  public,  but  I 
have  seen  no  way  to  think  about  it.  I think  as  you  move  ahead  in  society  you 
have  to  think  about  what  you  can  do  as  a scientist. 


MR. 

original 

HELMS: 

letter? 

Okay , 

the 

next  question  I have  is  how 

many 

people 

signed  that 

DR. 

WATSON: 

Maybe 

eight  or  eleven. 

MR. 

HELMS: 

Would 

any 

of  them  sign  it  again  today 

1 

DR. 

WATSON : 

I don 

't 

think  so. 

DR. 

FREDRICKSON: 

Are 

any  other  of  the  scientists 

here 

in  the 

room  today? 

DR. 

WATSON : 

I am 

afraid  I am  the  only  one. 

DR. 

FREDRICKSON: 

Dr . 

Szybalski,  were  you  one? 

DR. 

SZYBALSKI:  I 

know  from  Paul  Berg,  he  says  he 

was 

preparing  and 

contacting  everyone  to  write  a letter  of  refusal  saying  that  nobody  would 
sign  it  any  more.  He  says  everybody  told  him  that  they  were  not  ready  to 
publish  this  letter,  but  everybody  told  him  that  they  would  not  sign  it  any 
more . 


MS.  PFUND:  I asked  the  same  question  of  people  who  signed  the  letter, 

and  I didn't  get  that  kind  of — 

DR.  FREDRICKSON:  Let  us  leave  the  hearsay  out. 

DR.  WATSON:  I will  speak  for  myself. 

DR.  FREDRICKSON:  Mr.  Helms,  you  have  the  floor. 

MR.  HELMS:  Could  I ask  that  the  record  be  supplemented  with  that 

information,  if  that  is  possible  to  get,  perhaps  if  Dr.  Watson  would  care 
to  do  that  for  us. 

DR.  WATSON:  There  has  been  a letter  going  around,  which  I would  have 

signed — any  of  them,  even  though  what  I would  have  said  is,  just  cut  out 
all  of  this  nonsense,  and  no  guidelines  or  anything.  Worry  about  something 
that  is  real.  But  I would  sign  anything  which  would  sort  of  say  that  we 
had  overreacted  to  a paranoia  which  I think  it  was,  about  cancer.  That  was 
putting  the  tumor  virus  genes  in  when  we  weren't  quite  sure  what  a tumor 
virus  is,  but  if  you  really  started  worrying  about  it  you  wouldn't  eat 
meat,  or  raw  carrots,  or — oh  God,  you  would  get  so  scared. 

MR.  HELMS:  I think  there  is  something  very  important  that  I am  trying 

to  get  at  here,  and  I don't  want  to  lose  this.  I would  like  some  kind  of  a 
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discussion  for  the  Committee — not  now,  but  you  could  submit  it  in  writing 
if  you  would  be  so  kind — explaining  the  mental  process  that  you  went  through 
in  thinking  that  there  was  a theoretical  construct,  on  the  basis  of  which 
you  thought  it  important  to  warn  the  public,  and  then  the  process  can  be 
retrenched  from  there. 

DR.  WATSON:  It  would  be  a damning  document  to  sign,  because  I would 

have  to  say  that  we  discovered  transduction,  but  we  didn't  think  about  it, 
and  on  and  on,  you  know,  that  we  knew  that — Oh,  boy;  it  would  be  quite  a 
confession. 

(Laughter . ) 

Either  a confession  or  just  plain  the  stupidity  of  liberal  guilt. 

MR.  HELMS:  Isn't  that  what  modern  men  are  capable  of. 

DR.  FREDRICKSON:  We  will  have  three  more  comments,  because  the  hands 

are  up. 

Dr.  Ahmed. 

DR.  AHMED:  To  expand  on  what  Mr.  Helms  just  asked  about,  How  many  of 

the  original  signers  would  re-sign  moratorium  today? — I think  the  more 
relevant  question  is  how  many  of  them  believe  in  the  Guidelines  or  believe 
some  kind  of  guideline  is  in  order.  I think  that  is  a more  relevant  ques- 
tion, because  the  question  of  the  moratorium  is  basically  moot  right  now. 

MR.  HELMS:  I didn't  have  reference  to  the  moratorium;  I had  reference 

to  the  danger. 

DR.  AHMED:  I don't  mean  the  danger,  I mean  the  Guidelines. 

DR.  WATSON:  You  have  to  ask  people  two  questions,  as  I get  it.  What 
is  politically  the  best  we  can  pull  off  now,  having  gotten  into  this  mess? 
That  is  talked  about  all  the  time.  It  is  a stupid  way  to  think,  because 
as  we  have  shown,  molecular  biologists  are  no  good  as  politicians,  and  we 
should  just  say  what  we  believe.  If  you  would  ask  the  people,  Are  they 
scared  because — ? have  you  walked  into  a lab  where  anyone  is  scared  doing 
recombinant  DNA  research?  I think  that  is  the  best  way.  That  is,  are  the 
Guidelines  protecting  them  against  anything?  I don't  know  of  any  one  who  is 
scared,  whereas,  you  know,  there  are  so  many  other  things  in  the  lab  which 
you  can  get  scared  about  that — no  one  is  scared. 

Then  it  comes  to,  if  you  aren't  scared,  how  much  do  the  Guidelines 
cost  us?  They  cost  us  enormous  diversion  away  from  the  main  mission  of  the 
National  Institutes  of  Health.  They  are  very  expensive.  You  know,  when  we 
think  about  the  Guidelines  it  is  not  as  if  we  are  doing  this  when  we  would 
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be  thinking  about  football  or  something  like  that.  It  diverts  us  away  from 
doing  science.  It  is  not  diverting  us  away  from  goofing  off,  because  we 
have  to  goof  off  more  to  keep  our  sanity,  rather  than  sending  off  a Memo- 
randum of  Understanding  to  people  who  do  not  know  what  to  do,  because  there 
are  no  facts  by  which  anyone  can  make  any  decision  about  what  is  danger. 

So  are  you  a good  guy?  A bad  guy? 

It's  a funny  thing.  They  keep  damning  Cambridge  and  Vellucci,  but  the 
truth  is  that  the  more  people  who  read  the  newspapers,  the  more  scared  they 
got.  So  it  has  been  our  educated,  upper  middle  class  who  is  scared  as  shit. 
The  people  who  don't  have  any  money,  and  who  are  starving,  they  are  not 
worried  about  being  done  in. 

I really  believe  that  science  does  good  for  society.  Now,  it  also  does 
harm,  and  to  sort  of  say  that  the  whole  tradition  of  medical  microbiology  and 
science  is  irrelevant,  all  you  have  to  do  is  eat  more  food — I mean,  we  are 
being  attacked  by  everyone  who  sort  of  doesn't  have  the  guts  to  go  ahead. 

DR.  FREDRICKSON:  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  I would  just  like  to  make  a comment  to  Mr.  Helms.  He 

asked  if  there  was  any  theoretical  construct  which  would  suggest  that  there 
might  be  any  harm  in  recombinant  DNA.  Let  me  just  take  one  particular  area, 
the  one  that  Dr.  Watson  mentioned,  that  of  cancer.  Dr.  Watson  pointed  out 
that  we  are  all  infected  with  BK  and  maybe  SV40  and  so  on.  Nevertheless,  it 

is,  I think,  generally  agreed  that  tumor  viruses  are  not  a major  source  of 
cancer.  That  doesn't  mean  that  they  couldn't  be,  and  I don't  see  how  one 
could  eliminate  the  possibility  that  by  recombinant  DNA  experiments  one  might 
create  a virus  capable  of  producing  a human  cancer. 

DR.  WATSON:  Bob,  could  I ask  you  what  steps  you  took  to  stop  SV40  work 

at  Cal  Tech?  I mean,  you  were  totally  unconcerned  with  pathogens,  and  if 
you  want  to  really  worry,  you  should  have  worried  about  that.  You  are  gross- 
ly irresponsible  if  you  think  that  this  is  dangerous,  not  to  worry  about 
protecting  the  people  who  came  into  exposure  through  the  work  of  Dulbecco. 

DR.  FREDRICKSON:  I wonder,  Dr.  Sinsheimer,  if  you  want  to  reply  or 

not.  You  certainly  have  the  right  of  rebuttal.' 

DR.  WATSON:  I think  it  totally  inconsistent. 

DR.  SINSHEIMER:  I can  make  a lot  of  answers  to  that.  I just  wasn't 

responsible  for  Dulbecco's  work. 

DR.  WATSON:  No,  but  you  should  have  alerted  the  public  if  you  had  a 

real  conscience. 

DR.  FREDRICKSON:  Dr.  Sturgis,  then  Mr.  Hutt,  and  Dr.  Neel.  That  is 

it,  I think. 
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DR. 
hys  ter ia 


STURGIS:  For  better  or  for  worse,  you  were  responsible 

of  the  public,  the  group  that  first  alerted  them. 


for  the 


DR.  WATSON:  I was  a jackass. 

DR.  STURGIS:  Well,  it  doesn't  make  any  difference. 


DR.  WATSON:  Okay. 

DR.  STURGIS:  The  question  now  is,  Has  sufficient  time  gone  by  and  has 

adequate  experimentation  been  done  to  reassure  these  anxieties,  whether  they 
are  unfounded  or  well-founded?  Wasn't  it  wiser  to  go  ahead  and  reduce  the 
stringencies  of  the  original  Guidelines,  and  in  an  orderly  way,  while  we  are 
accumulating  data,  allow  scientists  to  proceed? 


DR.  WATSON:  I think  you  should  just  relax  them  instantly  and  get  on  to 

something  more  interesting.  We  are  doing  it  in  a small  step  now,  and  it  has 
been  relaxed  considerably  more  in  Europe,  so  there  will  be  a temptation  to  go 
to  Europe.  So  we  are  so  diverted  by  petty  issues,  what  I have  heard  this 
morning,  that  you  should  really  ask  yourselves  first  principles.  Asilomar 
never  really  asked  itself  for  first  pinciples,  and  by  the  time  they  got  there, 
they  already  had  a committee  drawing  up  guidelines.  They  were  comparing 
themselves  to  Fermi  and  all  these  great  people,  and  it  was  nonsense.  Total 
nonsense . 


DR.  FREDRICKSON:  Mr.  Hutt. 

MR.  HUTT:  I think  that  trying  to  ask  people  today  whether  they  would 

sign  the  original  moratorium  letter  would  produce  nothing  more  than  hyper- 
bole and  political  answers  at  this  time.  I think  that  would  be  uniquely 
unhelpful  to  any  of  us  in  this  room.  But  there  is  one  question  that  I would 
like  to  pose  to  you.  That  is,  when  you  suggest  that  we  abandon  the  Guide- 
lines, are  you  suggesting  that  the  current  list  of  prohibited  experiments  now 
be  permitted  in  whatever  form  any  individual  scientist  might  wish  to  pursue 
them,  or  are  you  merely  suggesting  that  those  that  are  subject  to  the  various 
types  of  restrictions  but  are  permitted  under  some  form  of  restriction,  that 
those  could  go  forward  with  either  lesser  or  no  significant  restrictions? 

DR.  WATSON:  I personally — The  dangers  that  I can  see  are  so  slight 
compared  to  what  we  do  already,  that  I would  totally — Now,  you'll  say  that 
will  let  the  Agency  go  ahead  and  make  that  super  bug,  and  buy  another  part  of 
Katanga  or  something  like  that  and  have  people  doing  it.  Well,  what  we  do 
today  isn't  going  to  have  the  slightest  effect  on  what  those  guys  do.  Most 
people  really  aren't  out  to  do  their  neighbors  in,  and  through  massive 
antibiotic  use  and  things,  we  can  develop  other  things.  I don't  really  think 
it  was  worth  the  enormous  bureaucracy. 

MR.  HUTT:  I am  not  sure  I have  heard  the  answer  to  my  question. 

DR.  WATSON:  Yes,  I would  give  them  up  completely. 
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MR.  HUTT : In  other  words,  you  would  allow  people  to  do  any  type  of 

DNA  experimentation  that  might  occur  to  them  without  any  type  of  control? 

DR.  WATSON:  Yes. 

DR.  FREDRICKSON:  A final  question  or  comment  from  Dr.  Neel. 

DR.  NEEL:  What  we  have  heard,  one  would  gather  that  the  sole  motiva- 

tion in  the  Asilomar  group  and  other  groups  was  one  of  fear  that  they  might 
set  off  an  epidemic.  Now,  I had  interpreted  one  of  the  motivations  as  based 
on  a sense  of  humi 1 i ty--and  I might  say,  a humility  which  I,  who  work  with 
the  higher  eukaryote,  haven't  always  seen  in  molecular  geneticists  in  recent 
years — a humility  that  we  now  have  the  ability  to  create  new  life  forms  and 
we  had  better  stop  and  think  about  this  just  a little  bit  before  we  went 
ahead  full  tilt.  I gather  that  was  not  one  of  the  major  considerations? 

DR.  WATSON:  I think  the  thought  was — to  think?  I don't  think  anyone 

thought  at  all  at  that  meeting.  I think  they  just  had  to  put  a series  of 
— they  felt  obliged  to  quantitate  something,  and  scientists  have  to  count. 

If  you  can't  count  something  generally,  it  isn't  science.  Now,  there  are 
exceptions  to  that.  But  the  whole  idea  that  we  could  quantitate  the  risks 
wasn't  there,  and  that  left  the  whole  thing  open  to  the  thing  that  it  was 
self-serving,  because  you  really  couldn't  prove  one  thing  was  safer  than  the 
other.  One  got  one's  self  into  the  position  of  having  to  prove  everything 
was  safe  instead  of  the  other  way  around  of  saying  look,  we  have  some  evidence 
that  something  is  dangerous.  It  was  a completely  silly  affair  to  believe 
that  you  use  numbers — PI,  P2,  P3,  EK1,  EK2 — when  there  was  no  factual,  quanti- 
tative basis  to  say  that  toad  DNA  or  any  other  DNA  was  more  dangerous.  In 
fact,  what  they  came  out  against  was  that  human  DNA  was  unbelievably  danger- 
ous. Now,  one  doesn't  have  to  either  talk  about  legal  or  illegal  acts 
to  know  that  we  are  exposed  to  a lot  of  human  DNA,  and  yet  it  was  put  in  P4, 
only  to  be  done  at  Fort  Detrick,  as  if  all  sex  would  have  to  occur  there.  I 
mean,  it  was  the  most  silly  thing. 

DR.  FREDRICKSON:  Dr.  Neel,  was  that— 

DR.  NEEL:  Well,  I think  we  are  getting  over  into  some  discretion  for 

this  afternoon,  but  I would  say  only  this,  that  the  recombinant  DNA  that  we 
have  been  considering  thus  far  is  only  part  of  the  total  picture  of  recombi- 
nant DNA,  and  perhaps  this  afternoon  we  can  talk  about  some  other  aspects  of 
the  problem,  which  I do  think  call  for  a measure  of  humility. 

DR.  WATSON:  I think  also  there  should  be  some  humility  on  the  part  of 

the  scientists,  to  think  of  the  complexity  of  what  happens  in  nature.  And 
the  interchange,  you  know,  Weeney's  [?]  little  paper  in  Bacteriological 
Reviews , which  I think  was  very  nice  in — the  sort  of  evolutionary  insight 
as  to--sort  of  illegal  sexual  mechanisms  toward  evolution,  is  one  way  you 
could  put  it. 
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I think  if  you  want  to  get  worried,  just  get  scared  to  death  the  next 
time  you  let  a dog  lick  you. 

DR.  FREDRICKSON:  Thank  you  very  much,  Dr.  Watson. 

We  are  going  to  proceed  now.  We  have  four  more  members  of  the  public 
who  have  asked  to  talk,  and  the  first  of  these  is  Dr.  Naum  Bers,  who  is 
from  Rockville,  Maryland. 

DR.  BERS:  Thank  you  for  this  opportunity,  ladies  and  gentlemen.  I wish 

to  first  of  all  make  a clarification,  a point  of  clarification  to  properly 
identify  myself.  I am  Dr.  Naum  S.  Bers,  spelled  B-e-r-s.  I am  no  relation 
whatsoever  to  Dr.  Donald  Beers,  spelled,  I believe,  with  two  e's,  referred 
to  earlier  by  Ms.  Simring.  But  more  importantly,  I was  referred  to  earlier, 
although  not  by  name,  by  Dr.  Walters,  I believe,  when  he  indicated  to  you  that 
there  is  a person  who  has  submitted  comments  to  this  Committee  whose  position 
is  that,  not  only  should  there  be  instituted  a biosafety  officer,  but  more- 
over, that  there  should  be  instituted  two  separate  positions,  one  for  a 
safety  manager  and  one  separately  for  a biological  officer.  And  to  make  one 
further  clarification,  and  in  light  of  what  the  previous  speaker  has  related 
to  you,  I do  realize  that  we  are  dealing  here  with  both  real  and  potential 
hazards;  but  from  ray  perspective  as  a biomedical  engineer,  which  is  what  I 
am,  I have  in  my  background  and  experience  been  often  frustrated  by  what 
appeared  to  be  a disconcern  of  microbiologists  with  the  administrative 
management  of  safety.  Most  of  them  have  been  concerned  primarily  to  go 
ahead  with  their  research  and  have  put  little  effort  in  the  systematic 
establishment  of  safety  in  their  laboratories.  So  these  two  particular 
positions  that  I intend  to  separate  would,  at  this  time  at  least,  stimulate 
some  interest  that  the  institutions  who  are  conducting  such  research  should 
establish  such  two  clearly  identifiable  positions  so  that  these  two  indivi- 
duals would  be  responsible  for  all  biolab  safety,  and  not  just  for  real  or 
potential  DNA  hazards. 

Well,  at  any  rate,  I have  my  comments  summarized  in  the  form  of  a blank 
diagram,  I believe,  on  page  57  of  your  Orange  Book.  It  was  my  initial  intent 
to  take  this  opportunity  and  project  on  the  screen  that  diagram,  and  discuss 
it  with  you.  But  from  what  I have  learned  here  yesterday,  I said  to  myself, 
oy  vay,  you  would  probably  never  get  a chance  to  do  that  in  five  minutes.  So 
what  I did  instead,  I went  home  and  late  last  night  I typed  up  a very  brief 
statement,  and  made  some  copies  of  it  this  morning.  So  I would  like  at  this 
time  while  I am  talking  to  have  it  distributed  around  the  table.  I have  30 
copies.  It  was  my  intent  to  at  least  rush  through  them  quickly. 

DR.  FREDRICKSON:  I am  afraid  you  won't  have  time. 

DR.  BERS:  Okay,  I know.  I will  stay  within  the  prescribed  limits  here 

and  just  spend  another  minute  and  no  more  to  say  that  once  you  read  through 
the  summary  of  my  statement  and  there  are  any  questions,  I would  be  very 
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happy  after  lunch,  since  I will  be  here  all  day,  to  reply  to  any  questions, 
and  if  necessary  to  also  project  at  that  time  on  the  screen  the  diagrams 
that  I have  called  to  your  attention. 

One  final  thing  which  I would  like  to  take  this  opportunity  to  do  is  to 
express  my  gratitude  to  Dr.  Kamely,  who  appeared  here  briefly.  I have  never 
met  the  lady  before,  but  she  has  been  very  kind  to  me  when,  a few  days  ago, 

I have  contacted  Dr.  Gartland's  office  and  requested  some  clarifying  infor- 
mation. I also  wish  to  express  ray  gratitude  to  Ms.  Butler  from  his  office 
who  supplied  me  with  all  the  documents  that  I wanted,  and  thank  Dr.  McCarthy 
and  his  secretary  Ms.  Garfinkle  for  their  prompt  replies  to  all  my  inquiries, 
and  giving  me  all  the  documents  that  I wanted. 

Thank  you  very  much. 

DR.  FREDRICKSON:  Are  there  any  questions  or  comments  for  Dr.  Bers? 

If  not,  thank  you  very  much,  Dr.  Bers.  We  will  go  on  to  the  next  public 
witness.  Mr.  Thacher. 

MR.  THACHER:  Harking  back  to  our  previous  discussion,  with  all  due 

respect  for  Dr.  Watson  and  his  purposes  in  coming  here,  I think  he  has  given 
us  a good  justification  for  public  participation  in  this  process.  Most  of 
us  agree  your  letter  should  have  been  written,  but  to  ever  lower  these  Guide- 
lines, which  is  a reasonable  and  worthwhile  and  necessary  purpose  of  this 
group,  you  must  have  the  public  involved.  Then  you  won't  be  writing  Guide- 
lines for  political  reasons  to  satisfy  an  imaginary  public,  you  will  be 
consulting  members  of  the  public  themselves.  You  are  educating  the  public 
about  a very  unusual  And  possibly  revolutionary  technique,  and  allowing  the 
public  to  educate  you.  I think  Dr.  Suzuki's  comments  earlier  today  are 
relevant  on  this  point. 

I would  like  to  speak  about  the  institutional  biohazards  committees, 
because  I think  they  can  be  made  stronger.  Workers  in  recombinant  DNA 
laboratories  lack  job  protection  or  grievance  procedures  under  NIH  Guide- 
lines when  reporting  hazards  or  violations.  These  workers,  junior  members 
of  the  scientific  staff,  are  not  guaranteed  positions  on  local  biohazards 
committees.  These  are  the  people  most  exposed  to  hazardous  work,  and  most 
aware  of  how  well  the  Guidelines  are  followed.  They  should  be  able  to  call 
meetings  of  the  institutional  biohazards  committee  and  appeal  to  the  NIH 
if  issues  of  safety  are  not  resolved  properly  by  the  principal  investigator 
in  their  own  laboratory,  or  if  they  face  the  loss  of  a job  due  to  their 
concern.  I think  such  a committee  should  have  local  community  membership 
guaranteed  so  that  their  opinions  also  will  be  heard. 

I think  the  changes  that  have  been  made  or  required  of  local  institu- 
tions in  appointing  a biohazards  officer  and  the  wording  of  the  description 
of  the  committee  is  very  worthwhile,  but  I would  like  to  see  it  be  a strong 
committee,  because  I think  it  will  be  the  most  important  element  of  seeing 
these  Guidelines  are  followed  honestly. 
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I also  would  like  to  speak  about  health  monitoring,  because  this  is 
something  that  the  citizens  of  Cambridge  have  asked  about,  the  city  where  I 
live,  and  the  Cambridge  Experimentation  Review  Board  has  asked  the  NIH  to 
undertake  long-term  health  monitoring  of  laboratory  workers.  It  must  do 
this  just  as  it  has  planned  research  on  the  safety  of  the  technique  using 
model  animal  or  bacterial  systems.  Neither  the  health  monitoring  nor  the 
model  experiments  are  adequate  by  themselves,  but  both  must  be  undertaken, 
and  our  experience  with  recombinant  DNA  research  is  limited,  so  quite 
naturally  we  have  not  seen  any  harmful  effects  yet.  Subtle  effects  on  large 
numbers  of  laboratory  workers  will  go  unnoticed  if  their  health  records  are 
not  kept  for  a long  period  of  time,  and  this  should  be  spelled  out  in  the 
Guidelines . 

I think  also  that  as  many  other  people  have  said,  that  microbiological 
training  is  an  integral  element  in  dealing  with  problems  of  safety  also. 

It  is  not  too  much  to  ask,  for  example,  the  American  Society  of  Microbio- 
logists, to  investigate  the  possibility  of  running  such  a course  on  labora- 
tory safety,  and  for  the  NIH  to  earmark  funds  for  this  purpose,  and  to  ask 
that  several  members  of  the  laboratory  be  trained  in  this  way. 

The  last  question  I would  like  to  deal  with  is  the  ownership  rights  to 
new  strains  of  bacteria.  Quite  briefly,  we  would  ask  that  strains  of 
bacteria  which — both  host-vector  systems  and  ones  containing  novel  DNA — be 
open  to  the  public,  those  that  are  made  in  NIH-funded  laboratories.  The 
recent  production  of  somatostatin  raises  this  question,  and  I think  it  will 
be  worthwhile,  both  in  allowing  very  open  scientific  enterprise  and  making 
sure  that  individual  companies  do  not  make  monopoly  profits  off  of  strains 
which  they  have  developed  partly  with  the  help  of  laboratories  funded  by 
public  money,  and  I think  the  Guidelines  are  an  appropriate  place  to  see 
that  this  does  not  happen. 

DR.  FREDRICKSON:  Thank  you.  Are  there  comments  or  questions? 

Dr.  DeRoos . 

DR.  DE  ROOS:  Under  the  OSHA  regulations,  there  is  a provision  that 

any  employee  can  request  an  inspection  of  a department  to  determine  a 
hazardous  condition  and  require  action.  I am  wondering  if  you  feel  it  is 
needed  to  have  some  additional  kind  of  protection  under  these  Guidelines, 
with  that  already  in  place. 

MR.  THACHER:  Unfortunately,  I don't  know  the  OSHA  regulations.  If 

they  do  cover  recombinant  DNA  research,  and  if  the  Guidelines  are  something 
which  the  OSHA  thinks  it  should  enforce,  then  I would  be  satisfied.  Other- 
wise, I would  like  to  see  a clearer  statement. 

DR.  FINKLEA:  Dr.  Fredrickson,  I might  answer  that  quickly  for  you. 

DR.  FREDRICKSON:  I could  answer  for  you  too,  but  you  may  say  it. 
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Dr.  Finklea  is  the  Director  of  NIOSH. 

DR.  FINKLEA:  The  worker  can  request  an  evaluation  of  toxicity,  even 

when  the  condition  or  the  agents  encountered  are  not  currently  subject  to 
Federal  standards.  But  workers  in  public  service  areas  and  workers  for 
public  universities  do  not  have  the  prerogative. 

DR.  FREDRICKSON:  Dr.  DeRoos? 

DR.  DE  ROOS : With  one  exception,  I guess.  Where  we  have  State-approved 

plans,  they  do  have  the  right,  is  that  correct? 

DR.  FINKLEA:  Not  all  State-approved  plans. 

DR.  FREDRICKSON:  But  some  of  the  26  States  that  have  their  own  ap- 

proved plans  do  have  that  right  in  them. 

Any  other  questions  from  the  Committee?  Thank  you  very  much,  Mr. 

Thacher . 

MR.  THACHER:  Thank  you. 

DR.  FREDRICKSON:  We  have  two  more  public  witnesses.  Dr.  Szybalski. 

DR.  SZYBALSKI:  Dr.  Fredrickson,  I will  address  myself  briefly  to  the 

implementation.  We  well  know  that  what  is  very  important  in  implementation 
is  motivation.  But  we  realize  that  often  such  motivation  will  be  lacking, 
since  there  are  good  arguments  both  for  and  against  the  Guidelines  and  their 
implementation. 

I interviewed  several  students,  post-doctoral  students,  and  also  I talked 
to  several  people  in  industry.  What  are  their  motivations?  The  motivations 
might  be  very  strong  if  you  really  were  afraid  of  danger.  But  if  a person 
listens  to  Dr.  Jim  Watson,  as  he  discussed  the  issue  here  before,  he  really 
does  not  have  to  worry  about  any  dangers.  And  most  of  the  students  I talked 
to,  practically  all,  are  not  afraid  of  recombinant  DNA.  They  say  they  are 
too  intelligent  to  be  afraid  of  nonexistent  dangers.  They  are  only  afraid  that 
their  careers  could  be  affected,  that  they  could  be  having  some  legal  troubles 
or  something  like  this;  that  is  their  main  motivation.  They  feel  intimidated 
by  the  N.I.H.  Guidelines  which  make  little  sense  to  them. 

As  far  as  industry  goes,  I was  very  surprised  when  I talked  to  two  vice 
presidents  at  one  of  the  meetings.  They  said  they  favor  regulation  and  legisla- 
tion. When  I asked  why,  their  answer  was  simple.  They  are  well  equipped  to 
handle  any  regulations,  much  better  than  university  scientists.  So  they  hope 
that  the  dangers  of  regulations  will  help  them  to  entice  many  good  university 
scientists,  the  very  best  ones,  to  work  for  industrial  laboratories,  because 
industry  will  offer  them  legal  protection. 

There  are  also  plenty  of  negative  motivations.  Many  students  came  to  me 
and  asked:  Why  should  we  do  experiments  in  a way  which  we  know  wastes  taxpayer 
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money?  Such  a waste.  Why  should  we  contribute  to  enhancing  bureaucracy? 

Small  universities  worry  that  they  would  have  to  hire  a special  bio-safety 
officer.  Could  he  be  one  of  the  voluntary  members  of  the  committee?  This 
should  be  clearly  spelled  out  in  the  Guidelines. 

As  recommended  in  the  letter  of  Dr.  Hogness  (and  many  others  agree), 
there  would  be  much  less  bureaucracy  if  MUAs  would  be  required  only  for  P3 
and  P4  experiments.  For  PI  and  P2,  a simple  one-page  registration  would  be 
more  than  enough. 

A very  important  problem  is  denying  the  benefits  to  society.  There  are 
several  benefits  which  have  already  been  realized,  especially  in  the  form  of 
an  increase  in  knowledge.  The  benefits  are  real  and  the  risks  are  hypothetical. 

It  is  very  hard  to  explain  the  situation  to  students,  especially  those 
in  medical  school  who  see  sick  people,  who  see  human  misery.  They  ask  why 
couldn't  we  do  something  to  help.  We  couldn't  because  the  Guidelines  and 
regulations  do  not  permit  it.  It  is  really  a moral  question.  Students  are 
concerned  and  they  are  really  worried  that  they  cannot  help  because  there  are 
rules  and  regulations.  It  doesn't  make  any  sense  to  them.  They  are  young 
people;  they  don't  understand  why  politics  prohibits  them  from  helping  society. 

I appeal  to  you  to  approve  the  more  relaxed  version  of  the  proposed  new 
Guidelines  as  rapidly  as  possible,  because  they  are  so  much  better  than  the 
previous  ones  of  1976.  They  will  take  much  bureaucratic  load  off  NIH,  because 
they  exclude  things  which  it  does  not  make  any  sense  to  regulate.  But  we  all 
realize  that  the  new  Guidelines  are  still  far  from  perfect,  since  they:  (1) 

regulate  nonexistent  dangers,  (2)  hamper  beneficial  research,  and  (3)  are 
treated  as  regulations,  which  was  not  their  intent.  The  use  of  the  recombinant 
DNA  technique  in  research  does  not  require  any  Guidelines  which  de  facto 
represent  bureaucratic  regulations. 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Szybalski.  I think  we  will  move  right 

on  to  the  last  public  witness,  because  the  cafeteria  will  not  change  its 
schedule  for  any  of  us. 

The  last  witness  is  Dr.  Arthur  Schwartz. 

DR.  SCHWARTZ:  People  have  asked  for  a numerical  assessment  of  the  benefits. 

My  assessment  is  that  if  a number  could  be  calculated  it  would  probably  be 
negative.  The  NIH,  host  institutions  and  principal  investigators  are  required 
to  ensure  maintenance  of  safety  by  design  and  execution  of  experimental  proce- 
dures and  various  forms  of  containment.  The  biohazard  committees  are  likely  to 
be  determined  by  the  institutions  and  researchers.  This  has  been  our  experience 
at  the  University  of  Michigan. 

The  NIH  institutions  and  researchers  are  also  required  to  develop  and 
promote  recombinant  DNA  technology.  A number  of  agencies  with  such  dual 
charges  have  failed  in  their  responsibility  to  protect  the  public,  not  only 
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in  terms  of  enforcement,  but  also  in  terms  of  risk  assessment.  An  outstanding 
example  of  this  problem  was  the  Atomic  Energy  Commission.  An  agency  eager  to 
develop  a technology  will  assess  risks  differently  than  an  agency  whose  sole 
interest  is  public  safety. 

The  AEC  assessed  the  risks  of  atmospheric  nuclear  weapons  as  negligible. 
They  were  certainly  wrong.  The  AEC  ignored  internal  dissent  and  permitted 
the  operation  of  the  Browns  Ferry  Nuclear  Power  Plant.  Undoubtedly  the  AEC 
was  not  indifferent  to  the  prospect  of  the  calamity.  It  must  be  that  their 
assessment  of  the  risk  was  incorrect.  It  is  not  prudent  to  entrust  public 
safety  to  a development  agency.  It  is  irresponsible  for  such  an  agency  to 
accept  such  dual  roles.  To  avoid  the  conflict  of  interest,  it  is  necessary 
to  have  countervailing  public-sponsored  agencies,  and  a regular  procedure  for 
direct  or  representative  public  participation.  And  it  is  wrong  to  limit  the 
role  to  enforcement  alone.  The  fact  that  public  opinion  is  sometimes  superior 
to  that  of  experts  has  been  illustrated  in  the  planning  of  experts  to  which  I 
refer  in  ray  written  statement.  I will  skip  that  here  for  time. 

We  should  consider  another  aspect  of  risk--risk  acceptance.  Some  years 
ago  Chauncey  Star  (?],  writing  in  Sc  ience , made  an  important  conjecture, 
based,  I must  admit  on  somewhat  limited  data.  It  is  that  people  tend  to  be 
willing  to  take  individual  risks  on  their  own  initative  that  are  about  as 
great  as  the  risk  of  death  due  to  disease  per  unit  time.  On  the  other  hand, 
they  are  generally  willing  to  accept  a much  lower  level  of  imposed  risks, 

such  as  industrial  risks,  for  example.  It  is  not  clear  what  level  of  risks 

they  are  willing  to  accept  for  the  sake  of  science.  It  is  also  unclear  what 

level  of  risk  to  which  they  are  willing  to  submit  whole  communities. 

Risk  assessment  is  largely  subjective.  It  is  possible  that  scientists 
within  or  close  to  the  field  of  microbiology  sense  the  risks  as  voluntary. 
Since  the  rest  of  us  do  not  feel  we  have  much  control  over  the  situation, 
for  us  the  risk  is  imposed. 

The  assessment  of  risks  and  the  system  of  assessing  risks  as  embodied 
in  the  NIH  proposals  have  been  proven  unreliable.  We  should  not  proceed 
until  we  obtain  a reliable  estimate  of  the  risks  involved  and  an  acceptance 
of  these  risks  by  the  public,  who  bear  both  the  risks  and  the  cost  of  the 
research . 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Schwartz.  I see  two  hands.  Dr.  Neel. 

DR.  NEEL:  For  the  record,  I think  I should  note  that  not  all  of  us  at 
the  University  of  Michigan  perceived  the  experience  there  quite  in  the  same 
manner  as  Dr.  Schwartz  apparently  perceives  it.  Some  of  us  see  the  Univer- 
sity of  Michigan  experience  as  a very  honest  effort  on  the  part  of  the 
academic  community  to  look  at  an  extremely  complex  issue. 

DR.  FREDRICKSON:  Thank  you. 
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DR.  SCHWARTZ:  I am  speaking  of  the  formation  of  the  biohazards  com- 

mittee. When  I called  the  administration,  I wasn't  even  told  how  it  was 
being  formed,  let  alone  invited  to  participate  in  any  way  in  the  formation 
of  the  committee  or  on  the  committee  itself. 

DR.  FREDRICKSON:  Dr.  Ahmed. 

DR.  AHMED:  One  point  that  Dr.  Schwartz  made  now  I think  is  very  sig- 

nificant, and  the  question  is  the  role  of  NIH  as  a regulatory  agency.  This 
was  raised  before.  Your  analogy  is  a very  relevant  one.  You  said  the  old 
AEC  had  both  the  role  of  being  a promoter  and  a regulator,  and  we  know  what 
happened  to  that  particular  model;  it  was  finally  split  up  into  two  different 
operating  arms  now.  And  we  realize  that  there  may  be  an  inherent  conflict 
of  interest  in  this  matter.  I think  this  question  that  you  posed  is  a very 
important  one  for  us  to  consider  on  the  Committee  here,  or  I guess  at  NIH, 
is  how  can  you  really  have  a disinterested  ability  to  regulate  something  that 
you  are  at  the  same  time  in  effect  promoting.  Is  this  what  you  think,  that 
NIH  is  really  a promoting  agency  in  the  same  model  as  the  old  AEC  used  to  be? 

DR.  SCHWARTZ:  It  seems  very  similar  to  me . I want  to  emphasize  that 

part  of  regulation  is  not  just  enforcement  but  to  perceive  what  you  have  to 
regulate,  what  the  dangers  are.  If  the  promoting  agency  determines  all  the 
things  that  need  to  be  regulated  it  has,  to  some  extent,  invaded  the  regu- 
latory function,  even  though  they  say  they  are  not  going  to  be  the  inspector- 
ate . 


DR.  FREDRICKSON:  Mr.  Helms. 

MR.  HELMS:  Just  for  the  record,  do  I understand  you  to  say  that  the 

probabilities  of  something  beneficial  resulting  from  this  research  are 
negligible? 

DR.  SCHWARTZ:  No,  I am  saying  that  you  have  to  weigh,  in  addition  to 

accidents,  when  we  talk  about  the  end-result,  assuming  that  everything  goes 
the  way  we  hope  it  will  go,  then  some  of  the  things  that  I think  may  very 
well  be  developed — you  have  to  multiply  what  you  get  times  the  probability 
of  it  happening,  and  that  is  not  an  easy  thing  to  do.  But  I am  concerned 
with  the  fact  that  first  of  all  you  have  the  opportunity  costs  of  doing  the 
research,  so  that  is  a negative.  In  other  words,  you  are  losing  benefits 
that  could  have  been  done  by  the  same  highly  trained,  expensive  researchers 
in  their  expensive  facilities,  so  there  is  an  opportunity  cost  which  is 
negative.  In  addition  to  which  there  are  military  applications  which  I 
consider  very  negative,  sociobiological  uses  that  were  discussed  by  Dr. 
Suzuki,  which  I think  are  extraordinarily  negative,  and  the  tendency  to 
promote  the  reliance  on  technological  fixes  to  problems  that  we  already 
have  the  means  to  solve,  but  use  the  excuse  of  well,  pretty  soon  science 
will  come  up  with  a great  solution,  so  we  don't  have  to  bend  our  efforts  to 
solve  these  problems.  These  are  negative  results  of  doing  the  research. 
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DR.  FREDRICKSON:  Thank  you,  Dr.  Schwartz.  I regret  that  the  clock  has 

brought  us  to  the  point  where  we  must  adjourn  for  lunch. 

MS.  LIPPE:  Dr.  Fredrickson,  I am  sorry,  my  name  is  Pamela  Lippe  and  I 

am  with  the  Friends  of  the  Earth  in  the  Washington  office.  I would  appreciate 
a chance  to  raise  two  points  that  I don't  feel  have  been  explicitly — 

DR.  FREDRICKSON:  Then  would  you  please  raise  those  immediately  after  we 

reconvene  after  lunch? 

MS.  LIPPE:  I would  be  very  happy  to. 

DR.  FREDRICKSON:  And  register  with  Dr.  McCarthy,  if  you  will. 

MS.  LIPPE:  All  right,  fine. 

DR.  FREDRICKSON:  We  need  to  now  adjourn  for  lunch.  To  emphasize  how 

much  I would  like  to  have  you  back  at  2:00,  I will  suggest  that  we  start  at 
2:10,  because  that  is  what  is  really  practical. 

This  afternoon  is  reserved  almost  entirely  for  discussion  by  the  Com- 
mittee, with  the  opportunity  for  each  member  to  present  such  observations 
as  he  or  she  wishes.  We  hope  to  conclude  this  session,  as  scheduled,  by 
5:00  o'clock. 

Luncheon,  again,  is  available  in  the  cafeteria  in  this  building,  Building 
One,  or  Building  Ten. 

Thank  you. 

(Thereupon,  at  1:00  o'clock  p.m.,  a recess  was  taken  until  2:10  o'clock 
p.m.,  the  same  day.) 
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AFTERNOON  SESSION  2:10  p.m. 

DR.  FREDRICKSON:  The  Committee  will  reconvene.  As  we  adjourned  last, 

I promised  Ms.  Pamela  Lippe  of  the  Friends  of  the  Earth  Washington  Office 
two  minutes  to  make  some  questions  or  statements  she  had. 

MS.  LIPPE:  First  of  all,  Ms.  Simring  prepared  an  answer  to  the  question 

that  Mr.  Hutt  asked  yesterday  in  regard  to  examples  of  failure  to  comment  in 
the  Environmental  Impact  Statement.  We  would  like  that  introduced  into  the 
record,  and  it  is  available  in  room  8. 

I want  to  thank  you  for  allowing  me  a chance  to  testify.  I had  not  ini- 
tially requested  it,  but  I think  there  are  two  important  points  that  have  not 
been  discussed  explicitly  in  the  roles  and  responsibilities  section.  First 
of  all,  the  Guidelines,  which  this  Committee  is  working  very  hard  to  revise, 
are  going  to  be  meaningless  unless  they  are  followed.  Since  there  are  no 
national  inspectors,  I think  it  is  essential  that  the  biohazard  committees 
be  mandated  to  do  periodic  inspections  of  the  laboratories.  From  what  I 
have  been  able  to  tell  in  talking  to  people,  that  is  not  really  happening. 

Since  the  biohazard  committees  are  there,  and  since  there  are  a number  of 
legislative  proposals  being  considered  in  the  Congress  now  which  may  even- 
tually rest  some  of  that  responsibility  with  the  biohazard  committees,  I 
think  it  would  be  important  for  them  to  begin  to  develop  their  expertise,  as 
well  as  it  seems  as  though  whatever  regulatory  scheme  is  finally  developed, 
the  biohazard  committee  should  have  some  important  role  to  play  in  it. 

Secondly,  I think  this  is  the  one  thing  that  Dr.  Watson  and  I do  agree 
on.  He  did  mention  that  there  are  really  very  few  facts  on  which  people  can 
make  their  decisions  about  allowing  this  research  to  proceed  or  lowering  the 
containment.  We  feel  that  it  is  the  responsibility  of  the  NIH  to  develop  an 
adequate  risk-assessment  program.  Now,  that  does  not  mean  an  experiment 
here  or  there,  and  it  does  also  not  mean  risk  assessment  in  terms  of  things 
like  the  polyoma  experiment  only.  We  think  that  those  experiments  must  be 
done, but  that  there  is  an  essential  development  of  a data  base  that  we  would 
like  to  see  before  or  as  an  ongoing  program  at  NIH;  and  this  sort  of  gets 
into  the  question  of  setting  priorities,  and  I think  that  is  a little  bit 
beyond  the  purview  of  this  Committee.  But  we  feel  that  risk  assessment  must 
be  a priority,  and  we  would  like  to  see  language  introduced  into  the  Guide- 
lines indicating  that  the  NIH  acknowledges  this  responsibility  and  will  give 
it  the  priority  it  deserves. 

So,  in  ending,  I would  like  to  say  if  the  public  is  to  have  confidence 
in  any  self-policing  scheme,  it  is  important  that  there  is  credible  over- 
sight. And  secondly,  if  the  public  is  to  have  any  confidence  in  the  decision 
to  proceed,  we  must  have  the  experimental  data  to  inform  our  opinions  as  well 
as  yours. 

DR.  FREDRICKSON:  Thank  you,  Ms.  Lippe.  Is  there  a question  or  a comment? 

If  not,  then  thank  you  very  much. 
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I would  like  to  restate  something  that  I emphasized  at  the  very  begin- 
ning of  this  meeting  yesterday  morning.  That  was  that  I am  especially 
interested  that  the  members  of  the  Director's  Advisory  Committee  provide 
us  with  their  judgments  on  the  merits  of  the  proposed  revisions  and  that 
ideally  I had  hoped  that  we  would  be  able  to  have  a brief  oral  summary  this 
afternoon,  taking  into  account  the  comments  and  the  discussion  that  you  have 
heard  during  this  past  day  and  a half.  I think  that  your  reactions  to  this 
discussion  relevant  to  the  proposed  revisions,  including  the  issues  of 
monitoring  the  research,  are  especially  important. 

I am  going  to  suggest  that  we  begin  that  momentarily,  so  that  we  can 
assure  that  we  have  on  the  record  even  what  may  be  preliminary,  and  will 
necessarily  be  quite  brief,  contributions  from  each  member  of  the  Committee. 
I do  want  to  assure  you  that  not  only  will  you  have  the  opportunity  but  you 
will  have  my  urgent  invitation  to  extend  those  remarks  in  a letter  to  us 
after  this  meeting  has  been  over. 

I don't  want  to  preclude  interchange  or  discussion  among  the  members, 
but  I think  that  we  will  probably  have  to  enforce  a kind  of  similar  time 
matrix  down  upon  you  that  we  have  upon  all  the  other  witnesses,  and  I would 
urge  you  to  think  in  terms  of  five  minutes,  and  if  there  is  some  inter- 
action, allow  me  to  be  the  tyrant,  with  the  only  objective  being  that  of 
making  sure  we  get  around  the  table  once,  and  then  the  time  that  remains 
to  us  we  can,  I am  sure,  usefully  use  for  a continued  discussion. 

Before  we  do  that  I do  want  to  say  one  thing  that  I think  may  be  on  the 
minds  of  the  members  of  the  Committee,  and  it  may  help  guide  the  manner  in 
which  you  address  that  particular  problem.  It  is  to  reiterate  something 
that  I have,  personally,  in  speaking  for  NIH,  now  said  in  testifying  before 
at  least  four  congressional  committees  on  this  question  of  legislative 
proposals  to  regulate  recombinant  DNA  experiments,  and  that  is  roughly  the 
following.  It  is  that  I believe  it  a conflict  of  interest  for  the  National 
Institutes  of  Health  to  be  both  the  sponsor,  the  conductor,  and  the  regu- 
lator in  the  sense  of  enforcer,  of  guidelines  for  this  type  of  research. 

We  feel  it  an  important  responsibility  on  our  part  to  engage  to  the 
maximum  our  own  resources  and  those  of  the  broad  community  which  we  support 
in  the  preparation  and  promulgation  of  standards,  but  we  cannot  conduct  here 
on  this  campus  roughly  ten  percent  of  the  research  which  is  now  under  NIH 
aegis  and  pretend  also  to  police  the  entire  country,  or  to  be  the  regulator 
in  the  sense  that  agencies  long  or  recently  established  for  the  purpose  of 
regulation  could  do.  We  have  not  the  expertise,  we  have  not  the  desire. 

But  in  the  absence  of  legislation  or  of  some  other  means  for  accomplishing 
this  goal,  NIH  has  attempted  to  the  maximum  of  its  ability  to  take  on  the 
responsibilities  that  exist  in  a voluntary,  relatively  self-policing  system. 
I suggest  this  because  I think  it  would  not  be  wise  today  to  talk  too  much 
about  what  form  of  legislation  we  should  have,  and  exactly  where  these 
regulatory  roles  should  be  played.  I have  my  own  belief,  as  I have  testi- 
fied also,  that  it  would  be  to  the  maximum  advantage  of  the  country  in  the 
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situation  as  it  is  today  that  a very  simple  legislative  package  be  passed 
extending  these  current  standards  to  all  activities  in  this  country,  that 
initially  the  focus  be  established  and  the  responsibility  in  the  Department 
of  HEW,  and  that  we  proceed  from  there.  But  I hope  we  would  not  get  into  a 
recycling  of  discussions  which  occupied  the  attention  of  the  Interagency 
Committee,  including  all  relevant  government  agencies,  for  a number  of 
months  as  we  finally  came  down  to  make  a single  set  of  unanimous  recom- 
mendations to  the  Administration  for  the  purpose  of  legislation. 

It  does  not  mean  that  this  matter  should  not  be  touched  upon,  but  I 
don't  want  it  to  occupy  the  totality  of  our  discussion,  because  we  are 
basically  still  concerned  about  the  matter  of  proposed  revisions  to  a set 
of  guidelines  which  we  now  have,  and  that  they  include  both  the  standards 
themselves  as  well  as  the  matters  of  enforcement. 

Also,  within  that  fourth  section  on  implementation,  there  is  plenty  in 
the  way  of  matters  of  generic  concern  with  reference  to  the  responsibilities 
of  the  investigator  and  the  institution  that  can  occupy  us  without  being 
very  specific  in  all  instances,  as  to  the  locus  of  that  regulatory  activity 
if  indeed  we  do  acquire  some  kind  of  legislative  solution  to  this  problem. 
But  nevertheless,  I do  regard  it  as  highly  relevant  if  you  want  to  touch 
upon  what  I still  view  as  an  interim  role  of  NIH  until  that  still  may  come 
about . 

Now,  with  that  brief  preliminary  and  with  the  prayer  that  we  may  limit 
ourselves  for  the  first  round  to  about  five  minutes  apiece,  I would  like  to 
turn  first  to  Ms.  Rosemary  Menard,  who  as  you  know  is  a member  of  the  insti- 
tutional biohazards  committee  and  a laboratory  technician  in  the  Department 
of  Chemistry  at  the  University  of  Washington. 

Ms.  Menard. 

MS.  MENARD:  First  off  I would  like  to  thank  you  for  the  opportunity  to 

participate  in  these  hearings.  They  have  been  of  great  general  interest  to 
me,  and  I would  like  to  aim  my  remarks  at  several  areas  of  general  concern 
that  I have  that  I feel  have  been  raised  by  various  public  witnesses  and 
members  of  the  Committee  during  these  hearings. 

First  off,  the  first  two  are  actually  related.  I would  like  to  endorse 
Dr.  Suzuki' s recommendation  that  it  is  the  responsibility  of  scientists  to 
educate  the  public,  and  I think  that  these  hearings  are  one  method  of  doing 
that,  but  I would  like  to  see  that  effort  expanded  as  much  as  possible.  One 
way  that  I see  that  that  kind  of  thing  can  be  facilitated  is  to  incorporate 
citizen  participation  in  the  decision-making  process  at  every  level,  and  I 
hope  that  in  the  Research  Advisory  Committee  and  various  other  committees 
of  that  kind  of  make  up,  that  citizens  can  become  more  involved  in  these 
decision-making  processes.  I think  that  it  is  important  to  realize  that 
people  can  deal  with  these  issues.  The  Cambridge  committee  is  a good 
example . 
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I think  the  next  two  concerns  that  I have  are  basically  on  the  questions 
of  staff  training  and  health  monitoring.  I think  that  we  have  heard  some 
requests  for  better  definitions  and  more  support  from  the  NIH  on  both  of  these 
things,  and  I would  like  to  endorse  those  ideas  as  being  very  important  in 
providing  the  maximum  level  of  confidence  in  the  workers  who  are  dealing  with 
these  questions,  regardless  of  whether  or  not  there  is  any  real  hazard.  We 
need  these  kinds  of  training  programs,  now,  as  soon  as  possiDle,  in  order  to 
make  sure  that  anything  that  is  going  on  is  being  done  under  the  best  possible 
circumstances. 

The  next  thing  that  I am  interested  in  is  the  communication  between  the 
local  biohazards  committees  in  order  to  facilitate  an  information  exchange, 
and  I would  like  to  suggest  that  perhaps  the  NIH  could  serve  as  a clearing- 
house to  local  biohazards  committees  to  help  them  to  exchange  information  to 
deal  with  the  various  problems.  It  is  the  experience  of  the  biohazard  com- 
mittee at  the  University  of  Washington  that  we  are  making  many  decisions  that 
are  being  made  in  various  other  biohazards  committees  across  the  country, 
and  it  would  be  very  helpful  if  we  could  exchange  information  and  deal  with 
specific  problems  with  the  help  of  other  people's  experience  as  well  as  trying 
to  just  sort  of  generate  all  these  things  ourselves. 

The  last  thing  that  I really  have  some  concern  about  was  mainly  touched 
on  yesterday,  and  it  was  the  discussion  of  the  scientific  data  base  for  some 
of  the  Guidelines.  I realize  that  basically  differences  of  opinion  in  science 
is  one  of  the  things  that  makes  science  interesting,  and  that  it  is  the  way 
that  science  develops  its  bearings,  and  what  have  you.  But  I think  that  there 
was  a significant  amount  of  disagreement  about  some  of  the  data  that  had  been 
presented  or  used  to  help  the  Recombinant  Advisory  Committee  to  establish  the 
Guidelines  that  I would  like  to  see  that  kind  of  thing  cleared  up  as  much  as 
possible  in  order  to  at  least  help  the  public  feel  more  comfortable  with  that 
aspec  t . 

DR.  FREDRICKSON:  Thank  you,  Ms.  Menard. 

Is  there  one  question  or  comment  for  Ms.  Menard?  Otherwise  we  can  wait 
until  we  go  around. 

I think  it  is  perhaps  wisest  then  that  we  move  on,  next  to  Ms.  Menard, 
to  Mr.  Jon  Beaty,  who  I remind  you  is  a student  member  of  an  institutional 
biohazards  committee,  this  time  at  the  Oregon  State  University  in  Corvallis. 
Mr.  Beaty. 


MR.  BEATY:  Yes,  just  to  sort  of  pick  up  where  Rose  left  off  regarding 

conflicts  in  scientific  data  supporting  certain  proposed  changes  in  the 
Guidelines,  they  do  seem  to  be  in  some  degree  of  dispute,  but  we  have  had  a 
lot  of  information  given  to  us  in  preparation  for  this  meeting  and  during 
the  meeting  evidenced  by  a lot  of  the  materials  around  us. 

Although  it  is  not  really  germane  to  discussions  of  specific  points  in 
the  proposed  Guidelines,  I think  it  is  important  to  state  for  the  record 
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that  there  is  an  enormous  amount  of  other  influences  bearing  on  the  develop- 
ment of  the  Guidelines,  namely  those  of  politics.  And  by  definition  it  seems 
a lot  of  the  political  considerations  regarding  these  proposed  changes  are  not 
available  to  us,  while  they  may  be  available  to  others  in  the  room.  At  any 
rate,  all  we  can  do  is  do  our  best.  That  just  goes  without  saying. 

Specifically,  I have  three  or  four  comments  to  make  regarding  the  pro- 
posed Guidelines.  In  the  introduction  I favor  the  intent  of  the  new  defini- 
tion regarding  recombinant  molecules  in  that  it  tends  to  exclude  certain 
experiments  that  are  presently  classified  in  the  EK1-P1  situation  and  remove 
them  from  the  jurisdiction  of  the  Guidelines.  I am  in  favor  of  both  from  my 
own  experience  and  from  reading  supporting  material  that  has  been  made  availa- 
ble to  us. 

It  does  seem  important,  in  reading  the  Berg  letter  and  the  telegram  from 
the  European  Molecular  Biology  Organization,  that  we  must  take  into  consider- 
ation the  situation  of  chemically  synthesized  DNAs , and  parenthetically  to 
that,  it  seems  important  to  define  what  a chemically  synthesized  DNA  is, 
whether  it  is  an  enzymatic  product,  a complementary  sort  of  DNA,  or  whether 
it  is  wholly  chemically  synthesized  without  any  enzymatic  assistance  at  all. 

As  a subnote  to  adoption  of  the  new  definition  it  seems  very  important 
to  encourage  you  and  your  staff  and  the  Recombinant  DNA  Advisory  Committee  to 
undergo  a full  debate  regarding  an  assembly  of  DNAs  which  would  be  included 
in  the  list  of  non-novel  molecules.  And  perhaps,  I am  not  sure — this  is  an 
expensive  meeting  to  get  together,  and  I am  not  sure  how  often  this  sort  of 
thing  can  be  done,  but  the  equivalent  sort  of  consideration.  Those  are  im- 
portant, because  they  involve  obviously  pushing  certain  experiments  that 
are  now  under  the  jurisdiction  of  the  Guidelines  out,  and  the  public  needs 
to  be  represented,  it  seems  to  me,  the  scientific  and  the  lay  public. 

I have  no  specific  comments  in  the  physical  and  biological  containment 
sections  other  than  those  I mentioned  as  a part  of  the  record  already.  In 
regard  to  the  experimental  guidelines,  the  actual  implementation  and  class- 
ification of  certain  types  of  experiments,  I am  sure  this  is  going  to  be 
brought  up  over  and  over  again  around  the  table,  and  I hope  much  more  elo- 
quently than  I can  do,  seeing  as  how  my  experience  does  not  lie  in  the 
section  of  animal  viruses,  but  it  seems  that  the  classification  of  recom- 
binant DNA  work  with  animal  viruses  needs  to  be  re-examined  very  closely. 

That  is  my  very  strong  impression  as  evidenced  by,  for  example,  the  polyoma, 
cloning  polyoma  in  prokaryotes,  and  development  of  polyoma  vectors  in  mouse 
cells.  Also,  by  Dr.  Chilton's  explanation  of  her  problems  of  reclassifi- 
cation upwards  of  plant  host-vector  systems,  that  doesn't  seem  to  make  a 
whole  lot  of  sense  to  me. 

In  roles  and  responsibilities,  the  obvious  gist  of  the  change  in  roles 
of  the  institutional  biohazards  committee  has  been  that  they  have  become 
much  more  important  in  the  proposed  revisions;  and  as  more  responsibility 
is  placed  on  local  people,  it  seems  to  be  extraordinarily  important  to  be 
very  specific  in  telling  these  committees  what  is  expected  of  them.  There 
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are  some  specific  things  included  in  the  proposals  which  weren't  in  the 
original  Guidelines,  and  that  is  good,  but  with  regard  to  monitoring  previ- 
ously approved  research  projects  in  an  institution,  what  sorts  of  things 
must  they  monitor,  how  often  must  they  be  monitored,  and  this  sort  of  thing. 

That  is  the  extent  of  my  comments. 

DR.  FREDRICKSON:  Thank  you,  Mr.  Beaty. 

Reserving  the  fact  that,  should  you  be  negative  in  your  answer,  it 
doesn't  mean  you  approve  of  everything,  did  you  find  any  revisions  that  were 
proposed  that  you  would  immediately  oppose  yourself? 

MR.  BEATY:  Yes. 

DR.  FREDRICKSON:  Did  you  state  those,  or  will  you  state  those  to  us? 

MR.  BEATY:  I have  one  very  specific  one,  and  that  regards  changing  the 

work  with  Agrobacterium  tumefaciens  from  a P2+EK2  to  P3+EK2. 

DR.  FREDRICKSON:  You  oppose  that  increase  in  containment? 

MR.  BEATY:  Yes,  I do. 

DR.  FREDRICKSON:  I see. 

Dr.  Neel,  a Professor  of  Human  Genetics  at  the  Unversity  of  Michigan. 

I hate  to  remind  you  who  you  are  every  time  I go  around,  but  I think  for  the 
record  it  is  important. so  that  others  will  know  your  perspectives  again. 

DR.  NEEL:  I have  two  suggestions  which  I will  arrive  at  somewhat  circui 

tously,  as  I tried  to,  no  doubt,  this  morning.  I was  under  the  impression 
that  the  moratorium,  if  I could  use  that  term,  the  moratorium  that  arose  at 
the  time  of  the  Asilomar  conference  was  in  part  motivated  by  fear  of  unknown 
epidemics,  but  in  part  by  a certain  humility  concerning  the  power  of  these 
techniques,  which  involve  the  ability  to  create  new  life  forms,  literally. 
Now,  I happen  to  work  with  what  is  euphemistically  called  a higher  eukaryote, 
and  that  is,  all  of  you — people — and  my  concern  with  recombinant  DNA  research 
then,  somewhat  understandably  focuses  on  this,  and  the  extraordinary  range  of 
possibilities  which  are  now  developing  in  this  particular  area.  Our  Guide- 
lines deal  entirely,  it  appears,  with  recombinant  DNA  research  where  viruses 
or  plasmids  are  used  as  the  vectors;  but  as  you  know,  there  are  now  cell 
fusion  techniques  and,  beyond  that,  the  introduction  of  parts  of  human 
chromosomes  into  the  mouse  genome,  using  what  are  called  1 i pochromosome s 
to  effect  the  transfer,  which  are  opening  up  to  me  a mind-boggling  array  of 
research  potentialities. 

Now,  I don't  think  there  is  any  time  to  spin  out  the  science-fiction- 
type  scenarios  which  exist  here,  but  there  are  some  very  interesting  possi- 
bilities. I think,  Dr.  Fredrickson,  history  might  judge  us  a little  bit 
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harshly  at  this  stage  in  the  unfolding  problem  if  we  fail  somehow  to  take 
cognizance  of  the  fact  that  we  are  dealing  with,  to  me,  only  a small  piece 
of  recombinant  DNA  research  at  the  present  time.  At  the  very  least,  now 
that  you  have  set  the  precedent  of  these  Guidelines,  I would  predict  within 
two  or  three  years  you  will  have  the  need  thrust  upon  you  for  guidelines 
in  these  other  areas  of  recombinant  DNA  research.  How  much  of  the  human 
genome  has  to  be  transferred  to  a mouse  before  we  begin  to  get  into  a very 
interesting  problem? 

I would  suggest  that  the  Director's  preamble  to  all  of  this  recognize 
more  specifically  than  it  does  that  this  particular  set  of  recommendations 
addresses  only  a very  limited  portion  of  the  whole  area  of  recombinant  DNA 
research.  I would  further  wonder  if  we  couldn't  find  a somewhat  more  speci- 
fic title  than  the  present  one.  It  would,  of  necessity,  be  more  cumbersome, 
but  this  is  a very  broad  title — Recombinant  DNA  Research--and  I think  we 
will  be  criticized  if  so  much  of  what  is  recombinant  DNA  research  is  nowhere 
mentioned  in  this  Guideline. 

DR.  FREDRICKSON:  Do  you  in  general  favor  some  form  of  revision  of  the 

Guidelines  of  '76  at  this  time? 

DR.  NEEL:  I am  happy  with  the  proposed  revisions  with  what  I have  heard 
in  the  way  of  suggestions  here.  My  recommendations  are  for  the  title  and  for 
your  introductory  preamble. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Neel. 

Dr.  Harold  Ginsberg  is  presently  on  sabbatical  at  Rockefeller  University, 
but  when  he  is  home  he  is  the  Chairman  of  the  Department  of  Microbiology  at 
Columbia  College  of  Physicians  and  Surgeons. 

Dr.  Ginsberg. 

DR.  GINSBERG:  Thank  you,  Dr.  Fredrickson. 

I have  only  a few  quarrels  with  the  revised  Guidelines.  I believe  that 
they  are  still  in  a few  areas  unnecessarily  restrictive.  I would  prefer  to 
see  research  that  requires  P1+EK1  not  included.  I think  again,  it  adds  much 
to  the  work  of  the  local  biosafety  committees  for  essentially  little  return, 
and  also  to  your  own  committees.  I think  that  more  attention  could  be 
turned  to  more  important  matters  if  those  large  numbers  of  experiments  were 
eliminated . 

DR.  FREDRICKSON:  But,  Dr.  Ginsberg — excuse  me  for  interrupting  you, 

but  do  you  mean  that  by  the  adoption  of  these  proposed  revisions,  we  will 
eliminate  a certain  number  whose  elimination  you  favor,  or  you  would — 

DR.  GINSBERG:  I would  eliminate  even  more. 

DR.  FREDRICKSON:  Even  more? 
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DR.  GINSBERG:  Yes.  I would  eliminate  anything  that  can  be  included  in 

a P1+EK1 . 

DR.  FREDRICKSON:  Even  under  the  new  conditions? 

DR.  GINSBERG:  Even  under  the  new.  I find  that  the  restrictions  of 

those  are  so  minimal,  but  yet  they  add  administrative  work  of,  I think,  an 
unnecessary  amount. 

I certainly  agree  with  the  Guidelines  in  eliminating  the  non-novel 
associations  of  DNA. 

My  primary  recommendation  that  I would  like  to  make  deals  with  the 
discussion  that  we  had  last  night  after  Dr.  Rowe's  presentation  vis-a-vis 
virology.  I think  that  it  is  in  certain  areas  far  more  restrictive  than  any 
of  the  present  data  lead  us  to  believe  necessary,  and  particularly  in  terms 
of  dealing  with  all  of  the  viruses  as  though  they  were  the  same.  And  rather 
than  try  to  make  certain  specific  recommendations  now,  what  I would  like 
to  recommend  is  that  we  defer  from  the  new  Guidelines  the  entire  area  of 
virology,  where  one  uses  animal  viruses,  either  warm-  or  cold-blooded,  and 
have  the  Committee  reexamine  that  area  and  put  out  an  addendum  to  the  new 
Guidelines  as  soon  as  possible. 

DR.  FREDRICKSON:  Dr.  Ginsberg,  when  you  say  defer,  you  suggest  retain- 

ing— 

DR.  GINSBERG:  Just  tear  it  out. 

DR.  FREDRICKSON:  But  retaining  for  the  present  the  Guidelines  of  '76? 

DR.  GINSBERG:  That  is  right,  because  essentially  you  can't  do  enough 

more  with  these  Guidelines  than  you  could  with  those.  I think  that  the  entire 
field  would  be  advanced  faster  if  we  kept  it  at  the  present  level  for  now  with 
a statement  that  they  are  being  examined,  and  that  sections  will  come  out 
separately.  Because  otherwise  I am  afraid  if  we  put  out  these  Guidelines  it 
will  take  a long  time  before  we  get  the  revisions  out.  I just  think  that  it 
would  be  a more  efficient  and  effective  way  of  advancing  the  field  in  areas 
that  need  to  be  done. 

I then  turn  to  my  next  love,  and  that  is  education  and  training,  and  I 
certainly  agree — as  you  know,  I have  agreed  all  along — that  we  must  in  some 
way  try  to  improve  the  educational  level  of  people  who  work  with  recombinant 
DNA.  It  is  totally  unclear  to  me  how  that  can  be  done.  Really  working  well 
with  infectious  agents  requires  a large  amount  of  training.  It  is  sort  of 
a reflex  more  than  an  exact  technical  thing  that  one  can  teach  in  a total- 
immersion  course  of  a week.  So  I am  not  quite  sure  how  to  recommend  that 
we  do  it.  I think  that  it  needs  to  be  done.  I don't  feel  as  frantic  about 
it  as  I once  did,  because  I take  quite  the  different  viewpoint  of  somebody's 
testimony  about  the  best  people  having  done  the  research,  and  that  is  why 
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we  haven't  had  accidents.  I think  we  couldn't  have  had  a worse  group  doing 
the  research  than  has  been  doing  it  in  terms  of  knowing  microbiological 
techniques.  Brilliant  minds,  but  sloppy  hands.  And  yet  we  haven't  had 
accidents,  so  I am  less  frantic  than  I was.  But  I think  it  needs  to  be 
paid  some  attention  to. 

Finally,  I would  hope  that  in  some  way  we  can  deal  with  the  Guidelines 
and  the  local  biosafety  committees  in  a way  so  that  the  tasks  we  give  them  are 
absolutely  essential,  because  if  we  put  on  to  them  layers  and  layers  of 
unnecessary  requirements,  they  will  be  so  overburdened  that  nothing  will  get 
done . 


DR.  FREDRICKSON:  Dr.  Ginsberg,  just  for  the  record  I want  to  clarify 

that  your  statement  about  the  deferral  of  Guideline  revisions  around  the  virus 
stems  from — and  please  don't  let  me  say  this  for  you--because  you  don't 
believe  that  it  is  an  adequate  revision,  and  that  it  needs  to  go  further?  Is 
that  right? 

DR.  GINSBERG:  Yes,  that  is  exactly  right. 

DR.  FREDRICKSON:  I have  to  know  this  because  it  may  be  that  the  time 
involved  and  so  forth  in  having  a separate  revision  might  make  it  very 
difficult,  so  I want  to  know  your  biases. 

DR.  GINSBERG:  Yes,  I think  that  the  revision  hasn't  done  enough  for  the 

science,  and  I think  it  is  still  so  restrictive  that  the  field  can't  go  on. 

DR.  FREDRICKSON:  I understand. 

Mr.  Dennis  Helms,  Special  Assistant  to  the  Attorney  General  at  Trenton, 
New  Jersey.  That  is  a very  frightening  title. 

MR.  HELMS:  Thank  you.  I work  for  a very  wise  man  who  has  given  me  a 

unique  opportunity  to  be  free  in  my  views  and  to  participate  in  this  discus- 
sion. I would  also  say  how  grateful  I am  to  be  here  today.  This  is  almost 
a year  and  a half  since  I first  headed  down  this  road,  and  of  course,  as  an 
attorney,  the  problem  that  faced  me  initially  and  still  is  a problem,  is  the 
problem  of  communication.  So  the  criticisms  that  I have  of  the  Guidelines 
are  in  part  criticisms  that  deal  with  communication. 

I think  you  have  done  an  excellent  job  and  I think  you  have  done  it 
under  difficult  circumstances,  but  I think  more  has  to  be  done,  simply 
because  of  the  level  of  ignorance,  or,  to  put  it  another  way,  the  level  of 
expertise  required  to  appreciate  what  is  going  on  here.  Consequently  I 
would  certainly  endorse  the  suggestion  which  I believe  came  from  Mr.  Hutt 
the  other  day  that  the  material  in  the  Green  Book,  or  some  reasonable  approx- 
imation of  that,  be  included  as  the  introduction  to  this  document,  because 
if  it  is  going  to  be  useful  it  has  to  have  more  for  the  layman  in  it  than 
it  does  now. 


[466] 


263 


As  far  as  the  biological  or  physical  containment,  all  that  seems  fairly 
sensible  to  me.  It  is  when  we  get  to  the  experimental  guidelines  that  I have 
more  difficulties.  I found  the  discussion  last  evening  extremely  unsettling 
on  the  matter  of  plant  and  animal  viruses.  It  would  be  my  recommendation 
that  a meeting  with  the  European  scientists  be  convened  as  quickly  as  pos- 
sible, and  that  the  Guidelines  be  revised  after  being  informed  by  those  dis- 
cussions. I had  no  confidence  at  the  end  of  the  evening  that  that  committee 
which  drew  up  those  Guidelines  believed  that  they  were  as  they  should  be.  I 
think  that  they  had  had  an  overlay  of  what  I termed  or  called  politics,  which 
is  not — I have  no  disagreement  with  Dr.  Gustafson  on  this  point.  I am  not 
talking  about  allowances  made  for  caution  or  for  prudence.  I am  talking  about 
a notion  that  this  is  what  someone  else  will  accept  politically. 

I think  the  appropriate  role  for  the  Committee,  the  Recombinant  Molecule 
Committee,  is  to  make  scientific  judgments  exactly  as  they  see  them  based  on 
the  data  before  them,  and  no  more  or  no  less.  I had  no  confidence  that  that 
had  been  done  in  this  case.  In  fact,  I think  the  Guidelines  have  been  unduly 
restrict  ive . 

I also  was  upset  that  these  experiments  had  been  going  on  in  Europe, 
not  by  wild  men,  but  by  responsible  scientists,  and  they  ought  to  have  been 
going  on  here,  because  otherwise  how  can  we  assess  the  risks? 

Again,  with  respect  to  communication,  I think  that  one  of  the  points 
that  Mr.  Dach  made  the  other  evening  is  a point  that  I would  have  to  go  along 
with,  and  that  is  that  in  here  there  is  an  inadequate  statement  of  the  phi- 
losophy behind  why  some  groups  of  experiments  are  put  into  P4  and  why  some  in 
PI.  I think  that  should  be  converted  to  lay  terms,  and  I think  that  will 
expose  some  of  the  problems  that  were  raised  by  Dr.  Watson  today  and  the 
problems  that  ought  to  be  addressed.  I think  when  you  are  forced  to  write 
something  it  makes  you  think  a lot  more  clearly  about  what  mental  process 
went  on,  and  allows  the  public  to  understand  your  thinking  on  that,  and  make 
some  judgments  as  to  whether  they  agree.  I am  not  saying  it  was  in  any  way 
inappropriate  or  irrational  in  result,  but  I am  saying  that  the  method  by 
which  you  arrived  at  that  result  ought  to  be  more  explicitly  stated. 

One  final  point  on  that  is  that  anything  you  can  do  to  improve  commu- 
nication in  this  area,  whether  it  is  a newsletter,  I have  no  idea,  I think 
there  could  almost  be  a separate  conference  on  that  issue  alone.  As  Eric 
Sevareid  points  out,  perhaps  it  is  not  so  much  the  public's  right  to  know  as 
the  public's  right  to  find  out.  And  if  there  is  some  material  there  that 
the  public  can  get  access  to,  and  it  is  in  lay  terms,  it  will  be  very  help- 
ful, and  I think  it  will  cut  down  the  level  of  fear  which  has  permeated 
many  of  the  discussions  on  this  matter,  and  generated  what  in  my  view  was 
very  inappropriate  legislation  from  the  Congress  earlier  this  year,  or  at 
least  the  proposed  draft.  • 

Now,  as  far  as  the  exemptions  from  the  Director  for  risk  assessment,  I 
wholeheartedly  endorse  that,  and  have  every  confidence  that  the  Director  here 
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will  use  those  exemptions  appropriately  and  see  that  the  risk  assessment 
activities  go  on.  I think  that  is  a necessary  and  essential  flexibility. 

As  far  as  roles  and  responsibilities  are  concerned,  and  I will  try  to  be 
brief  here,  philosophically  it  has  been  my  position  that  the  scientists  did 
us  a great  service  in  bringing  this  problem  to  our  attention  in  the  first 
place.  I would  not  have  them  treated  as  thieves  in  the  night,  and  I do  not 
believe  that  we  ought  to  set  up  what  amounts  to  a big  brother,  adversarial 
police  system  here  to  monitor  what  is  going  on.  The  responsibility  should 
be  peer  review.  As  bad  as  our  experience  has  been  with  medical  doctors,  I 
think  it  is  different  here.  They  don't  have  to  publish.  I think  responsible 
journals  can  be  encouraged  not  to  publish  the  work  of  those  scientists  who 
do  inappropriate  experiments.  I have  talked  to  the  editors  of  some  of  those 
journals,  and  I don't  think  that  they  would  regard  that  as  a good  idea — that 
is,  to  publish  the  work  of  people  who  are  not  following  the  Guidelines. 

Furthermore,  I have  every  confidence  that  the  Director,  through  per- 
sonal suasion,  can  induce  people  who  have  strayed  to  come  back  in  line. 

And  furthermore,  as  I say,  I think  in  the  midst  of  what  has  to  be  a post- 
Watergate  paranoia,  distrust  in  government  and  in  people,  I think  we  ought 
not  to  lose  our  trust  in  human  beings.  I think  we  keep  the  pressure  and  the 
onus  on  the  scientist  to  expect  the  best  from  him,  not  the  worst  from  him. 

There  is  one  final  point  about  the  safety  officers.  Perhaps  they  could 
be  uniformly  trained  at  NIH  so  that  as  they  go  about  their  enforcement  tasks 
they  could  be  sort  of  uniform  in  their  applications  and  learn  some  of  the 
tricks  of  the  trade.  I also  believe  that  it  is  difficult  for  one  scientist 
to  go  into  the  lab  of  another  colleague  and  criticize  what  he  is  doing,  so 
perhaps  the  safety  officer  should  be  someone  a little  bit  removed  so  that  he 
doesn't  have  to  get  involved  in  intercolleagial , embarrassing  situations. 

Thank  you,  sir. 

DR.  FREDRICKSON:  Thank  you  very  much,  Mr.  Helms. 

If  some  of  you  aren't  using  f luorohydrocarbon  aerosol  containers,  it  is 
the  fault  of  Dr.  Mario  Molina,  who  is  in  the  Department  of  Chemistry  at  the 
University  of  California  at  Irvine.  That  is  an  honor  you  have  earned,  Dr. 
Molina,  as  far  as  we  are  concerned.  We  would  like  to  have  your  comments. 

DR.  MOLINA:  Let  me  qualify  my  comments  by  saying  that  about  a month 

ago  I knew  very,  very  little  about  this  subject.  So  if  I can  contribute 
something  it  is  not  really  details  or  specific  recommendations,  it  is  more 
perhaps  a fresh  point  of  view.  I am  really  brand  new  to  this  subject. 

As  I learned  more  and  more  about  recombinant  DNA,  many  of  my  original 
fears  disappeared.  Thi's  is,  of  course,  a general  trend.  As  you  become 
better  informed  on  a subject,  you  tend  to  agree  with  what  appears  to  be  the 
consensus  of  experts.  In  this  case  it  seems  to  be  that  these  original  fears. 
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say,  of  spreading  an  uncontrollable  epidemic  all  over  the  place,  well,  these 
fears  were  exaggerated.  From  this  point  of  view,  the  statements  of  Dr.  Davis, 
Dr.  Szybalski,  or  Dr.  Watson,  all  the  statements,  make  a lot  of  sense. 

On  the  other  hand,  I note,  again  as  an  outsider  to  this  field,  it  is  very 
easy  to  be  carried  away  and  to  take  an  overly  narrow,  perhaps  even  provincial 
or  emotional  point  of  view  as  to  what  the  dangers  or  lack  of  dangers  are  with 
new  technologies,  say  the  recombinant  DNA  technology  here.  It  has  happened 
again  and  again  that  when  scientific  discoveries  were  applied  on  an  industrial 
and  commercial  scale,  many  unforeseen  problems  resulted,  perhaps  as  a result 
of  this  change  from  science  to  technology.  There  are  numerous  examples,  and  I 
won't  go  into  that,  release  of  chemicals,  radiation  damage,  and  so  on  and  so 
forth . 


What  seems  peculiar  about  recombinant  DNA  is  because  of  this  capability 
of  potential  cell  replication  one  can  conceive  of  serious  problems  even  before 
these  technologies  are  exploited  on  a large,  commercial  scale. 

So  the  problem  is,  of  course,  that  we  cannot  pin  down  these  potential 
problems  in  this  particular  case.  By  the  very  nature  these  unforeseen 
problems  are  unknown.  So  I am  no  longer  talking  about  E.  coli  epidemics 
in  man  specifically,  but  more  about  these  perhaps  subtle  perturbations  to  the 
ecosystem,  which  might  have  nasty  long-term  consequences.  I guess  Professor 
Sinsheimer  has  articulated  some  of  these  possibilities,  at  least.  Professor 
King  of  MIT  yesterday  also  mentioned  some  others.  This  is  where  I find  the 
weak  point  in  my  arguments.  I am  not  sufficiently  well  informed  to‘ make  a 
judgment  as  to  whether  there  is  any  theoretical  evidence  that  these  dangers 
exist.  This  was  brought  up  by  Dr.  Campbell.  So  here  I think  I simply  lack 
information.  This  is.  a matter  of  scientific  judgment,  perhaps.  I just  don't 
know  whether  there  is  or  there  is  not  a consensus  among,  say,  the  biological 
or  biomedical  community  as  to  whether  these  potential  dangers  are  realistic  or 
not* 


So  what  does  all  this  imply?  What  does  this  have  to  do  in  connection 
with  these  revised  Guidelines?  How  can  one  deal  with  unknown  factors?  Well, 
about  the  only  thing  that  one  can  do  is  to  proceed  with  caution,  try  to  be 
alert  to  unforeseen  consequences.  With  this  perspective  I feel  there  is  not 
enough  information  to  place  so  many  experiments  in  so  many  different  cate- 
gories. You  can  only  do  that  strictly  from  the  point  of  view  of,  say, 
epidemics  in  man  through  conversion  of  an  E.  coli  K-12  into  a pathogen.  But 
then,  this  particular  hazard  seems  to  have  been  overstated,  to  have  been 
exaggerated . 

So  what  I am  proposing  is  not  to  do  away  entirely  with  this  structure  of 
where  to  place  such  experiments,  but  perhaps  to  reexamine  the  two  extremes. 
There  seems  to  be  little  justification  not  to  go  ahead  with  experiments  such 
as  the  one  that  Drs.  Rowe  and  Martin  propose  to  do — an  experiment  which  is 
apparently  being  carried  out  in  England  anyhow  and  which  might  give  informa- 
tion on  the  risk  assessment,  which  is  very  much  needed.  So,  the  Guidelines 


[469] 


266 


appear  to  be  overly  restrictive  on  the  upper  end  of  the  scale.  I think  that 
I concur  with  one  of  the  previous  statements  on  that  point  of  view. 

On  the  other  hand,  these  proposed  revisions  might  be  too  loose  on  the 
lower  end  of  the  scale,  particularly  if  we  don't  know  specifically  what  the 
dangers  are.  I am  assuming  here  that  we  are  taking  a broader  point  of  view, 
if  we  read  the  definition  here  at  the  beginning.  It  talks  about  the  possibil- 
ity of  adversely  affecting  the  environment,  which  is  a very  general  state- 
ment, not  just  the  risk  of  infection.  So  all  this  applies  specifically  to 
that  potential  danger. 

So  I feel  somewhat  uncomfortable  with  this  relaxation  of  the  Guidelines 
at  the  lower  end.  I guess  that,  at  least,  what  one  should  attempt  to  do  is 
to  define  properly  what  one  means  by  novel  or  non-novel  recombinant  DNA.  I 
think  there  is  some  confusion  there,  so  that  should  be  clarified.  And  from 
my  point  of  view,  it  should  be  clarified  if  there  is  any  doubt  that  a specific 
research  project  belongs  or  not — whether  the  Guidelines  should  apply  in  that 
case . 

I am  also  somewhat  troubled,  I guess,  at  the  implications  of  incorpo- 
rating more  experiments  under  this  category.  There  seems  to  be  a lot  of 
bureaucracy  that  is  implied  by  the  fact  that  the  Guidelines  apply  at  all. 

So  really,  if  it  could  be  done,  I would  recommend  that  for  the  lowest  con- 
tainments, Pl+EKl,  the  bureaucracy  be  simplified  so  that  it  is  easier  to 
carry  out  these  experiments  and,  at  the  same  time,  to  include  more  experi- 
ments which  would  otherwise  not  be  under  the  Guidelines.  So,  if  these  two 
things  happen  together,  I think  that  would  be  beneficial. 

Now,  so  much  for  general  points.  I have  very  few  specific  points  to 
make,  and  I think  most  of  them  have  been  done  already.  Let  me  just  stress 
once  again  that  this  definition  of  which  experiments  are  actually  under  the 
Guidelines  should  be  clarified.  Perhaps  another  point  worth  mentioning  is 
in  connection  with  the  statements  of  Dr.  Schwartz,  specifically  referring  to 
the  fact  that  professionals  in  the  risk  assessment  field  should  be  involved, 
say,  in  the  preparation  of  the  Environmental  Impact  Statement.  That  probably 
does  not  apply  any  more  to  these  revised  Guidelines,  but  I hope  in  the  future 
it  will.  It  is  just  one  of  the  interdisciplinary  facts  that  other  people 
should  also  be  involved  in  these  assessments.  I am  all  for  establishing 
training  programs,  and  other  points  have  already  been  mentioned.  Let  me 
mention  one  last  point — which  has  not  been  brought  up  again — and  that  is 
the  establishment  of  a data  base.  I realize  it's  very  hard  to  state  whether 
somebody  is  sick  or  not  if  you  are  trying  to  establish  a very  good  data 
base,  but  it  can  really  do  no  harm  just  to  begin  to  collect  data  for  future 
reference.  From  this  point  of  view,  it  would  be  helpful  if  one  could  some- 
what extend  the  data  base,  covering  not  just  the  normal  experiments  under  the 
Guidelines,  but  those  now  excluded  in  the  revision.  This  would  be  a possi- 
bility to  broaden  the  data  base,  facilitating  later  analysis.  I think  these 
are  all  the  comments  I have. 

DR.  FREDRICKSON:  Thank  you  very  much.  Dr.  Molina. 
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Dr.  Margery  Shaw  has  the  viewpoints  of  a biologist,  or  a geneticist,  and 
a lawyer — two  talents  which  inevitably  mean  that  she  is  now  acting  as  a dean 
at  the  University  of  Texas. 

(Laughter . ) 

DR.  SHAW:  That's  going  to  end  at  the  end  of  this  month. 

DR.  FREDRICKSON:  Dr.  Shaw. 

DR.  SHAW:  Dr.  Fredrickson,  let  me  state  at  the  outset  that  I am  basic- 

ally in  favor  of  the  adoption  of  the  proposed  revised  Guidelines.  I think 
the  testimony  that  we  have  heard  from  the  microbiologists  leads  us  to  feel 
that — or  rather  I get  the  feeling  that — we  are  participating  in  a wake.  We 
have  a dead  body  which  we  are  not  yet  willing  to  bury,  and  yet  we  wish  to 

speak  of  this  body,  or  this  issue,  as  if  it  were  still  alive.  The  issue, 

like  a notable  person,  will  not  be  buried  in  the  minds  of  the  survivors. 

Indeed,  I think  we  have  all  been  enriched  by  the  openness  and  fairness  of 

the  hearings,  by  the  original  intent  of  the  scientists  with  their  letter, 
and  by  the  Asilomar  conference  to  air  the  issues  in  public.  We  have  been 
involved  in  safeguarding  the  democratic  process. 

Now,  however,  if  the  Guidelines  are  relaxed  by  the  adoption  of  the  pro- 
posed Guidelines,  and  if  they  continue  to  be  relaxed  in  the  future  by  further 
modifications,  we  might  take  stock  of  the  lessons  that  we  have  learned  by 
this  exercise.  I think  many  of  us  are  concerned  with  priorities.  The  issue 
of  recombinant  DNA  research--wi th  its  unknown,  unproven,  and  probably  non- 
existent hazards — should  take  a back  seaL  at  this  point.  It  has  been  viewed 
and  reviewed.  But  scientists  themselves  should  not  take  a back  seat  in 
bringing  more  pressing  issues  before  the  public. 

Steps  have  already  been  taken  in  two  areas  of  research,  and  they  include 
public  and  political  scrutiny.  These  are  the  areas  of  human  experimentation 
and  of  chemical  hazards  in  the  environment.  But  other  areas  of  biological 
research  also  need  public  attention,  and  these  include  what  we  have  heard 
around  the  table:  the  microbiological  studies  with  human  pathogens,  espe- 

cially in  routine  hospital  laboratories;  the  unassessed  risks  of  cell  culture 
and  somatic  cell  hybrid  research  that  Dr.  Neel  referred  to;  in  vitro  fertili- 
zation with  subsequent  implantation;  tumor  virus  research;  and  development  of 
safe  vaccines — just  to  mention  a few  examples. 

I think  much  of  the  recombinant  DNA  discussion  has  brought  to  light  a 
catch-22  situation,  which  is  probably  not  surprising.  We  need  these  risk 
assessment  experiments,  but  we  do  not  like  to  engage  in  potentially  dangerous 
research.  I applaud  the  exemption  clause  from  the  prohibited  experiments, 
and  also  the  willingness  to  certify  new  host-vector  systems. 

Let  me  cite  two  other  catch-22  situations  in  biology  which  I think  need 
public  attention.  Perhaps  they  will  not  receive  it,  because  they  are  not  as 


[471] 


268 


sexy  as  ligating  pieces  of  DNA  from  different  species  together.  First,  we 
have  known  for  a long  time  that  the  rubella  virus  produces  severe  congenital 
defects  in  the  embryo  and  fetus;  and  now  we  have  learned  that  the  rubella 
vaccine  itself,  administered  during  pregnancy,  is  also  a teratogen.  Should 
society  mandate  vaccination  of  females  before  reproductive  age,  or  how  should 
this  problem  be  handled  to  protect  the  unborn  from  the  ravages  of  the  rubella 
virus? 

Second,  we  have  an  effective  diet  which  prevents  mental  retardation  in 
infants  with  PKU.  Neonatal  testing  identifies  these  infants  at  risk,  and 
they  are  placed  on  a low  phenylalanine  diet.  Everything  goes  nicely;  they 
develop  normally  and  can  reproduce.  But  the  catch-22  is  that  the  pregnant 
PKU  female  causes  severe  mental  retardation  and  other  serious  congenital 
defects  in  her  unborn  but  non-PKU  fetus.  Now,  what  is  the  proper  societal 
response  to  this  problem?  It  is  a problem  that  has  been  brought  to  light 
by  scientists,  but  the  solution  to  the  problem  should  come  from  society. 

Well,  I hope  this  exercise  in  public  participation  in  the  evaluation 
of  recombinant  DNA  research  can  be  used  as  a model  for  NIH  to  investigate 
other,  more  pressing  social  issues  which  arise  out  of  biological  research. 

I will  submit  these  specific  comments  on  the  Guidelines  in  writing. 

DR.  FREDRICKSON:  Thank  you  very  much,  Dr.  Shaw. 

Dr.  A.  Karim  Ahmed  is  a member  and  staff  scientist  of  the  National 
Resources  Defense  Council  in  New  York.  Dr.  Ahmed. 

DR.  AHMED:  I would  like  to  start  by  first  mentioning  how  the  last  two 

days  have  been  not  only  interesting,  but  extremely  informative.  I would  like 
to  commend  the  Director  for  having  convened  such  a panel,  and  the  openness 
of  the  proceedings  should  really  be  appreciated  by  everyone  here. 

I agree  with  Mr.  Helms  that  one  of  the  most  important  things  in  any 
issue  of  this  kind  is  communications.  I would  also  like  to  bring  up  another 
matter  which  I think  is  equally  important,  and  that  is  credibility.  Just  as 
you  used  the  concept  of  communications  to  present  your  views,  I will  use 
credibility  as  a way  of  presenting  my  views  on  this  whole  issue. 

Let  me  trace  it  this  way . Over  and  over  again  in  the  last  two  days,  we 
kept  asking  questions  pertaining  to  how  credible  is  your  information.  Often 
we  had  information  that  seemed  to  have  been  only  present  in  the  unpublished 
literature,  for  example,  and  these  were  brought  out  from  time  to  time.  We 
don't  really  know  what  these  bits  of  information  are.  So  it  really  goes 
to  the  credibility  of  process  and  also  the  credibility  of  the  information. 
Both  are  very  critical  in  making  a good  judgment  on  matters  that  pertain  to 
scientific  activities. 

The  other  aspect  is  NIH's  role  in  this  whole  research  area.  Dr.  Fred- 
rickson has  already  mentioned  his  own  views  about  this.  He  apparently  does 
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not  believe  that  NIH  can  function — and  cor 
promoter  and  also  the  regulator — as  the  pe 
ments  and  at  the  same  time  regulate  them, 
to  be  passed  in  Congress,  there  should  be 
these  two  arms  of  the  HEW's  function  as  a 
Government.  I am  hoping  that  Mr.  Hutt  wil 
views  on  this  issue.  But  it  is  very  impor 
of  interest  be  kept  uppermost  in  our  minds 
in  the  future. 


rect  me  if  I am  wrong — as  both  the 
ople  who,  at  NIH,  do  such  experi- 
And  if  such  legislation  were  ever 
adequate  measures  made  to  separate 
line  agency  of  the  United  States 
1 expand  on  that.  He  has  some 
tant  that  the  question  of  conflict 
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The  question  of  credibility  also  goes  to  the  process — both  at  the  local 
level,  to  the  biohazards  committees,  and  to  the  avenues  suggested  by  many 
witnesses  for  making  this  process  as  open  as  possible.  I endorse  most  of 
those . 
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In  terms  of  the  ways  you  implement  the  Guidelines,  you  ought  to  develop 
procedures  for  monitoring  and  inspection  that  are  as  rigorous  and  credible 
as  possible;  and  in  this  respect  I agree  with  many  of  the  suggestions  made 
by  several  speakers  about  increasing  the  ability  for  the  local  biohazards 
committees  to  both  monitor  this  performance  at  the  local  level  and  have  some 
kind  of  an  inspection  program. 


I have  one  very  specific  point  to  bring  out  today  which  was  glossed 
over,  I think,  yesterday,  and  that  has  to  do  with  shipment.  In  your  revised 
Guidelines,  I looked  at  the  section  on  page  49600,  and  it  is  perhaps  the 
shortest  section  in  the  entire  Guidelines.  I would  have  liked  to  have  heard 
the  gentleman  from  the  Department  of  Transportation  talk  on  this.  However, 
all  we  have  in  your  Guidelines  is  some  mention  of  other  codes  that  pertain 
to  this  whole  area.  Now,  it  seems  to  me  reasonable  that  if  you  were  to 
have  experiments  conducted  under  different  containment  levels,  that  that 
particular  type  of  logic  should  apply  to  shipment  too,  because  you  obviously 
provide  a weak  link  in  your  entire  containment  procedures  if  you  had  loose 
application  of  similar  guidelines.  I am  not  sure  how  well  the  U.S.  Postal 
Office  is  in  matters  of  control,  but  I would  submit  that  I would  not  neces- 
sarily want  to  trust  everything  I have  to  the  Postal  Service.  So  I would 
caution  you  about  taking  that  as  a major  way  of  dealing  with  the  shipment 
quest  ion. 

Finally,  on  the  question  of  risk  assessment,  I am  in  general  agreement 
that  exemptions  should  be  given  to  those  experiments  where  the  Director  feels 
it  is  warranted.  I also  agree  that  a more  comprehensive  program  ought  to  be 
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developed  by  NIH  to  do  all  kinds  of  risk  assessment  under  proper  guidelines, 
and  that  this  should  be  conducted,  and  also  should  be  somehow  incorporated 
in  future  guidelines  or  in  any  revisions  that  you  might  consider. 

The  lack  of  adequate  data  base,  I think,  again  goes  back  to  this  very 
question  of  whether  or  not  we  are  making  judgments  here  on  adequate  scien- 
tific bases. 

So  I would  like  to  summarize  my  statement  by  saying  that  I think  most 
of  the  issues  that  were  dealt  with  in  the  last  two  days  were  basically  the 
issues  that  have  been  dealt  with  on  other  controversial  issues  of  a scien- 
tific nature  in  the  past,  not  very  different  from  it.  And  I hope  that  any 
solutions  we  seek  to  it  should  follow  the  same  course  of  action. 

Any  specific  recommendation  that  I might  make  on  the  Guidelines,  I will 
amplify  in  my  written  comments. 

DR.  FREDRICKSON:  Please  do,  Dr.  Ahmed.  Thank  you. 

Mr.  Peter  Hutt  I introduced  yesterday.  He  is  formerly  Chief  Counsel 
of  FDA  and  Assistant  General  Counsel  in  that  Department,  and  is  now  an 
attorney  in  Washington. 

Mr.  Hutt. 

MR.  HUTT:  Well,  to  some  extent  this  is  a replay  of  some  of  the  issues 

that  we  discussed  in  February  of  1976.  Interspersed  with  the  issue  of 
revision  of  the  Guidelines,  a number  of  witnesses  have  raised  more  basic 
points.  Should  there  be  any  Guidelines  at  all?  or,  the  opposite  of  that 
issue,  should  there  be  any  DNA  research  at  all?  I took  the  position,  and 
feel,  if  anything,  as  strongly  or  more  strongly  today,  that  the  burden  of 
proof  for  safety  still  rests  on  the  scientific  community.  Don,  in  my  letter 
in  February  of  1976  summarizing  my  views,  there  are  two  paragraphs  that  I 
think  I ought  to  read  on  that,  because  from  my  standpoint  they  set  the 
stage  for  determining  to  what  extent  you  can  revise  the  Guidelines. 

"The  public  is  becoming  far  more  sophisticated  with  respect  to  scien- 
tific issues  than  many  in  the  scientific  community  recognize.  There  is  wide 
understanding  that  absolute  safety  is  not  attainable  and,  in  any  event,  is 
not  provable.  Thus,  the  term  'safety'  is  used  by  me  and  others,  including 
Congress,  to  mean  nothing  more  than  a level  of  risk  that  is  both  reduced  as 
far  as  is  reasonably  feasible  under  the  circumstances,  and  does  not  outweigh 
the  potential  benefits.  At  the  same  time  the  public  clearly  expects  that 
the  burden  of  showing  an  acceptably  low  risk  is  on  those  who  propose  to  pro- 
ceed with  the  projects  involved,  whether  it  be  industry,  academic  scientists 
or  other  groups. 

"It  is  wholly  insufficient,  in  my  view,  to  argue  that  no  harm  has  been 
proved.  The  burden  is  on  the  scientific  community  to  prove  to  the  public 
that  the  risks  from  research  on  recombinant  DNA  molecules  have  been  reduced 
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to  the  lowest  level  that  can  reasonably  be  attained,  that  the  level  of  risk 
to  the  public  is  extremely  small,  and  that  the  potential  benefits  are  sub- 
stantial and  are  significantly  greater  than  those  risks.  This  principle  has 
been  embodied  in  all  new  public  health  and  safety  legislation  for  at  least 
the  past  20  years,  and  pervades  public  opinion  today." 

Now,  in  applying  that  principle,  what  I found  very  difficult  in  the 
discussion  of  the  past  two  days  has  been  the  discussion  about  risk,  because 
on  occasion  people  talk  about  risk  in  terms  of  risk  to  a single  laboratory 
worker,  and  in  the  next  breath  talk  about  risk  of  an  epidemic  to  the  public 
at  large,  without  distinguishing  between  the  two.  I think  a good  deal  more 
thought  must  be  put  into  articulation  of  the  risks,  and  while  I am  not  as 
optimistic  as  some  about  quantifying  them,  nonetheless,  talking  about  them 
in  terms  of  risks  relating  to  other  things  that  we  daily  engage  in,  such  as 
riding  in  automobiles  and  flying  on  airplanes. 

I also  think  that  the  risk  of  not  conducting  the  research  must  be  dealt 
with.  I was  enormously  persuaded  by  Leon  Eisenberg's  recent  article  in 
Science  magazine  that  there  is  as  important  an  ethical  dimension  in  failing 
to  act  as  there  is  in  taking  improper  action,  and  that  the  failure  to  seek 
out  new  forms  of  medicine,  new  forms  of  helping  the  public,  can  be  far  more 
dangerous  than  engaging  in  research  that  might  do  affirmative  difficulty. 

The  concern  about  misuse  I find  not  very  helpful  to  the  discussion.  If 
one  were  to  be  concerned  about  misuse,  I would  suppose  we  ought  to  ban  the 
automobile  and  the  airplane,  and  certainly  the  airplane.  So  that  anything  we 
have  in  our  society  can  be  misused,  and  if  we  were  to  be  concerned  about  that 
we  would  do  nothing  at  all.  My  favorite  analogy  there  is  a toxicology  friend 
of  mine  who  keeps  pointing  out  that  even  water  is  dangerous  if  you  inhale  it. 

(Laughter . ) 

The  difficulty  then  is  to  weigh  benefits  which  are  difficult,  very 
difficult,  to  quantify,  probably  impossible,  against  risks  which  are  equally 
uncertain.  Indeed,  when  we  talk  about  risks,  I think  we  are  actually  talking 
more  about  degree  of  uncertainty  than  we  are  quantifying  known  risks. 

As  long  as  the  burden  of  proof  is  on  the  scientific  profession  to 
determine  or  attempt  to  determine  to  the  best  of  their  ability,  the  best 
of  human  ability,  safety,  we  must  proceed  with  caution,  and  for  that  reason 
I very  deeply  believe  in  the  need  for  Guidelines  of  this  nature  and  for  the 
statement  perhaps  not  of  erring  on  the  side  of  caution,  but  nonetheless 
proceeding  on  the  side  of  caution.  It  largely  then  becomes  in  my  mind — and 
I speak,  of  course,  from  the  standpoint  of  a regulator  and  a lawyer — it 
becomes  a matter  of  procedural  due  process,  of  fairness  of  making  certain 
that  it  is  a public  procedure  in  which  all  of  us  can  have  confidence,  includ- 
ing those  of  us,  and  I particularly  point  to  myself,  who  have  no  scientific 
competence  in  this  area. 
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Turning  to  procedures,  I have  been  keenly  disappointed  in  the  way  that 
these  proposed  revisions  have  been  brought  forward.  I think  there  has  been 
undue,  unseemly,  and  totally  unnecessary  haste  in  the  way  it  has  been  done. 

The  preamble  to  the  September  27  document  did  not  state  what  the  proposed 
revisions  were  with  clarity  and  in  a way  that  could  be  understood  by  people 
like  myself;  did  not  explain  the  reasons  for  them — for  example,  the  recent 
scientific  data  which  greatly  alleviate  some  of  the  original  scientific 
concerns;  did  not  put  on  display  and  offer  to  send  to  anyone  the  transcript 
of  the  Falmouth  Conference,  which  could  have  been  obtained;  did  not,  for 
example,  make  available  the  four  pieces  of  unpublished  data  on  which  reliance 
was  made.  I don't  think  that  was  necessary.  It  could  have  been  done.  After 
all,  part  of  that  exercise  was  done  in  the  Green  Book,  and  if  it  could  be  done 
for  the  Green  Book,  presumably  it  could  be  done  for  the  Federal  Register. 

I do  have  a very  specific  recommendation  in  connection  with  that.  I 
think  that  problem  can  be  overcome.  I would  urge  that  you  consider  publish- 
ing a new  notice  in  the  Federal  Register  which  would  state  what  I think  should 
have  been  stated  here,  and  give  an  additional  30  days  for  public  comment  on 
the  additional  information  that  is  still  at  this  point  not  yet  available. 

The  problem  I had,  for  example,  with  the  Falmouth  Conference  was  not  that 
the  whole  world  wasn't  invited.  The  problem  is  that  once  it  was  decided  to 
use  that  conference,  and  its  proceedings  and  data,  for  public  regulatory 
purposes  (and  I will  come  back  to  the  word  "regulatory"  in  a moment) — once 
that  was  decided,  then  there  was  an  obligation  to  make  that  conference  and  all 
of  the  information  in  it  available  to  the  public  so  that  it  could  scrutinize 
it  and  determine  the  relevance  itself. 

Now,  the  use  of  the  word  "regulatory"  there  brings  me  back  to  another 
point  that  I made  as  strongly  as  I could  some  18  months  ago.  That  is  that 
these  are  regulations,  these  are  not  guidelines.  I think  that  probably  more 
confusion  and  harm  has  been  done  by  calling  them  guidelines  than  has  been — 
well,  maybe  it  may  take  years  to  overcome  that. 

In  my  letter  back  in  February  of  '76,  I said,  "I  recognize  that  the 
scientific  community  does  not  like  the  term  'regulation'  and,  indeed,  that 
NIH  abhors  the  idea  that  it  might  in  any  way  be  an  enforcement  agency.  If  it 
is  useful  from  a psychological  standpoint  to  preserve  this  fiction,  I see  no 
objection  to  continuing  to  call  these  requirements  'guidelines.'  At  the  same 
time,  however,  no  one  should  be  misled  into  believing  that  they  will  not  be 
rigidly  and  completely  enforced  through  the  grant  and  denial  of  NIH  funds." 

Well,  from  what  I am  seeing  now,  I would  change  my  view  on  that  in  one 
respect.  I think  there  is  affirmative  harm  in  calling  these  "guidelines," 
because  it  is  possible  that  people  in  universities  may  take  the  word  "guide- 
lines" seriously  , and  say  these  are  not  necessarily  intended  to  be  followed, 
but  simply  are  intended  to  be  persuasive.  That  may  indeed  have  happened  at 
Harvard,  or  in  the  Miles  situation,  or  elsewhere.  Moreover,  it  has  resulted 
in  what  I believe — and  I will  go  on  to  this — to  be  very  severe  procedural 
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deficiencies  in  the  so-called  Guidelines,  because  the  regulatory  aspects  of 
them  have  not,  in  my  judgment,  sufficiently  been  dealt  with. 

As  you  know — and  I won't  go  over  this  in  any  detail,  because  I don't 
want  to  take  too  much  time — I have  strongly  believed,  and  stated  on  several 
occasions,  that  these  should  be  put  out  under  Section  361  of  the  Public 
Health  Service  Act.  That  provision  of  law  provides  ample  legal  authority. 

I have  checked  with  other  government  attorneys  who  concur  in  my  legal  opinion 
on  that.  I even  checked  with  the  Food  and  Drug  Administration,  which  said 
it  has  never  given  a contrary  opinion,  and  with  people  there  who  concur  with 
my  judgment.  They  have  put  out  several  regulations  comparable  to  this  under 
Section  361  of  the  Public  Health  Service  Act,  and  if  it  were  illegal  here, 
all  of  those  regulations  would  presumably  be  illegal  elsewhere. 

The  problem  that  occurs  if  one  does  not  do  that  is,  in  a sense,  you  are 
inviting  OSHA,  EPA,  maybe  the  Consumer  Product  Safety  Commission,  and  Lord 
knows  who  else,  into  what  is  otherwise  a regulatory  void.  I think,  as  I 
said  18  months  ago,  that  the  scientific  community  and  NIH  deserve  to  be  able 
to  keep  the  lead  in  this  area  if  indeed  they  take  that  responsibility.  But 
if  they  step  away  from  it,  which  in  my  judgment  is  happening  when  you  don't 
use  your  legal  opportunity  here,  then  I think  other  people  may  well  come  in 
and  take  it  away  from  you.  And  I personally  would  think  that  that  would  be 
a step  backward,  because  I don't  think  those  other  agencies  have  the  exper- 
tise that  is  here. 

Now,  specific  substantive  issues  I will  leave,  I believe,  to  a letter 
that  I would  be  happy  to  send,  except  for  one,  and  that  is  the  issue  of 
bringing  industry  under  the  Guidelines.  I think  it  would  be  a very  simple 
thing  to  do.  There  are  problems  of  trade  secrets,  but  those  have  not  been  a 
barr  er  to  many  other  regulatory  agencies  that  have  faced  the  identical 
issue.  If  t.  h • ■ ! ood  and  Drug  Admins  tr  at  ion  has  been  able  to  handle  trade 
secret  data  u.i^er  the  Investigational  New  Drug  provisions  since  1938,  I 
would  presume  that  we  could  find  a way  for  NIH  to  do  it  under  the  DNA 
Guidelines . 

It  is,  I think,  important  that  this  be  done  in  order  to  reassure  the 
country  that  while  these  are  nonetheless  Guidelines,  that  everyone  who  has 
a major  piece  of  the  action  in  the  research  community  is  nonetheless  bringing 
themselves  under  them.  It  is  my  understanding  that  the  industry  would  be 
willing  to  do  that. 

I have  another  specific  suggestion  as  to  how  that  could  be  assured. 

One  way  would  be  to  have  a specific  requirement  that  any  university  that 
receives  any  Federal  money  would  have  to  assure  that  all  research  on  recom- 
binant DNA  conducted  by  that  academic  institution  would  be  subject  to  the 
Guidelines.  That  could  be  done  by  Executive  Order,  without  the  necessity  of 
new  legislation,  and  it  would  preclude  the  situation  we  heard  discussed 
today,  on  which  I have  no  independent  knowledge,  but  assuming  that  that 
situation  exists,  that  would  certainly  take  care  of  it. 
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But  let  me  turn  lastly,  because  it  is,  I think  the  most  important  thing, 

to  the  issue  of  procedure.  These  Guidelines  embody  what,  to  a layman,  appears 

to  be  enormous  scientific  ingenuity.  But  to  a person  who  has  spent  a lifetime 
in  regulation,  they  are  pedestrian  at  best  from  the  standpoint  of  control  and 
regulation,  and  the  concepts  with  which  regulatory  people  are  involved  every 
day.  The  regulatory  issues  here  are  very  simple.  Indeed,  compared  to  many  in 
the  rest  of  the  Government,  they  are  trivial.  And  yet  there  is  no  reflection 

in  these  Guidelines  of  the  procedural  aspects  that,  many  have  been  concerned 

about,  many  of  the  people  who  appeared  as  witnesses.  I have  a specific 
suggestion,  that  just  as  you  have  an  RAC  to  deal  with  the  scientific  issues, 
that  you  have  a small  ad  hoc  group  of  people  who  are  concerned  with  procedure 
and  who  work  every  day  in  the  area  of  regulatory  procedure,  who  could  offer,  I 
think,  some  useful  guidelines  about  the  procedural  aspects. 

Let  me  just  list  the  areas  that  need  further  work  in  that.  How  are  you 
going  to  devise  a list  of  non-novel  experiments?  What  procedure?  Exemptions 
from  the  Guidelines.  Future  down-classification  or  up-classification  of  con- 
tainment, et  cetera,  levels.  Certification  of  new  HV  systems.  Large  volume 
exceptions.  Nominees  for  the  RAC.  Future  modifications  of  the  Guidelines 
themselves.  These  are  not  substantive  issues;  these  are  basic  procedural 
questions.  I don't  think  one  procedure  should  be  applied  to  all  of  them,  but 
it  would  be  a simple  matter  for  a small  group  to  sit  down  and  work  out  these 
problems,  literally  in  24  hours.  They  needn't  be  too  stringent.  I certainly 
would  oppose  legalistic  procedures;  I would  oppose  the  concept  of  having  a 
body  like  this  look  at  every  revision.  That  can  be  done  much  more  easily,  and 
18  months  ago  in  my  letter  I made  some  suggestions  about  those  also. 

I think  I have  taken  more  than  my  time,  Mr.  Chairman,  but  I wanted  to 
make  those  points. 

DR.  FREDRICKSON:  Thank  you,  Mr.  Hutt. 

I do  want  the  Committee  to  know  that  I read  your  letters  18  months  ago, 
and  I will  be  glad  to  furnish  a copy  of  Section  361  and  the  Interagency 
Committee  Report  to  those  who  would  like  to  know  another  view  of  the  useful- 
ness of  that  statute.  But  I certainly  would  not  pretend  to  compete  with  Mr. 
Hutt's  experience  in  that  regard. 

Dr.  Ann  Vidaver,  Department  of  Plant  Pathology  at  the  University  of 
Nebraska.  Dr.  Vidaver. 

DR.  VIDAVER:  Thank  you.  I have  some  specific  comments  and  some  general 

comments.  To  begin  with,  the  definition  of  DNA — 

DR.  FREDRICKSON:  I think  you  will  need  to  speak  up.  Dr.  Vidaver. 

DR.  VIDAVER:  Okay.  I have  both  specific  and  general  comments  to  make. 

Specifically  the  definition  of  recombinant  DNA,  both  in  the  old  or  the  present 
Guidelines  and  the  revised  Guidelines.  Using  the  word  "infect"  I think  has  an 
unfortunate  connotation  and  meaning.  The  word  "infect"  has  a very  specific 
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meaning  to  many  microbiologists,  and  I don't  believe  it  is  appropriate  to  use 
that  word  in  recombinant  DNA,  and  I would  support  the  definition  that  Maxine 
Singer  used  yesteday  in  reference  to  Paul  Berg's  letter — I believe  in  the 
second  Orange  Book. 

In  general  I think  plant  people,  whether  or  not  they  are  pathologists, 
physiologists,  or  otherwise,  would  support  the  revision  of  the  Guidelines 
and  continue  to  support  the  inclusion  of  people  who  deal  with  plants,  whether 
or  not  it  is  pathological  situations  or  healthy  ones.  In  this  regard  I would 
endorse  Beaty's  recommendation  specifically  of  altering  the  recommendation  for 
crown  gall — that  that  be  changed  to  P2+EK2  from  its  current  classification. 

We  were  also  given  a letter  yesterday  based  on  the  classification  of 
hazard  that  Kado  and  others  from  the  University  of  California  suggested  be 
used  for  dealing  with  phy topathogenic  bacteria,  and  I would  not  want  the 
Committee  to  believe  that  that  should  be  anything  more,  in  my  opinion,  than 
a point  of  departure.  There  are  points  of  contention  there.  Also,  the 
letter  does  omit  plant  viruses  and  fungi  and  also  transcripts  of  viroids. 

Mr.  Hutt  has  already  dealt  with  the  question  of  industry  in  a much 
more  formidable  way  than  I could;  but  I think  the  academic  world  must  recog- 
nize that  industry  does  have  a voice  in  these  Guidelines,  which  I think  we 
will  all  have  to  live  with  one  way  or  another,  and  that  proprietary  rights 
must  be  dealt  with.  After  all,  if  we  are  going  to  be  talking  about  benefits, 
it  is  industry,  ultimately,  that  is  likely  to  provide  us  with  many  of  these, 
and  there  must  be  a way  for  them  to  see  a potential  profit  in  monetary  terms, 
besides  human  terms. 

I would  also  like  to  endorse  the  possibility  of  having  alternate 
host-vector  systems  be  encouraged,  because  in  plant  work  it  is  doubtful  that 
E.  col i is  going  to  be  the  most  readily  usable  organism  for  us,  although  we 
cannot  specifically  foresee  this. 

Many  people  have  already  dealt  with  the  question  of  risk  assessment, 
and  again,  I would  endorse  the  concept  that  we  must  deal  with  this  also.  In 
the  plant  world,  there  are  other  considerations  than  in  the  animal  world,  and 
I believe  in  considering  experiments  that  would  be  dealt  with  in  this  area 
that  interaction  be  conducted  with  representatives,  perhaps  from  the  USDA. 
Again,  these  types  of  experiments  might  come  under  the  exemption  clause;  but 
if  we  are  ever  going  to  get  to  the  point  where  essentially  the  Guidelines 
continue,  hopefully,  to  be  downgraded,  we  are  going  to  have  to  assess  these 
risks . 


Something,  finally,  that  has  been  mentioned  before,  I believe,  primarily 
in  written  correspondence,  is  that  if  we  are  going  to  consider  benefits  we 
must  also  consider  an  ultimate  mechanism  for  release  of  anything  that  is 
beneficial;  and  the  question  would  be,  Is  it  premature  to  consider  how  this 
might  be  handled?  I think  that  with  the  advances  that  we  have  made  in  the 
last  couple  of  years,  this  is  perhaps  not  so  far-fetched,  and  it  is  time, 
perhaps,  to  at  least  consider  this  possibility.  Thank  you. 
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DR.  FREDRICKSON:  Thank  you,  Dr.  Vidaver. 

Dr.  Robert  Sinsheimer  is  a biologist,  former  Head  of  the  Department  at 
Cal  Tech,  and  now,  as  I mentioned  yesterday,  Chancellor  at  the  University  of 
California  at  Santa  Cruz,  and  has  been  here  before.  Dr.  Sinsheimer. 

DR.  SINSHEIMER:  In  my  new  task  I have  frequent  occasions  to  interact 

with  students  in  varying  number  in  more  or  less  friendly  interactions,  and  to 
use  their  own  phrase,  what  they  always  want  to  know  is  where  am  I coming 
from.  I think  it  perhaps  would  be  useful  if  I indicated  where  I am  coming 
from  in  the  sense  of  how  I see  the  Guidelines  as  they  exist. 

For  one  thing,  they  strike  me  as  extraordinarily  anthropocentric  in 
their  concerns.  There  is  the  whole  concept  of  the  gradations  of  containment 
which  seems  to  me  to  have  been  directed  rather  exclusively  toward  the  possi- 
bility of  human  infection,  human  disease,  and  it  seems  to  me  that  in  a long- 
term sense  we  have  to  be  concerned  with  potential  for  harm  to  plants,  as 
was  just  mentioned,  and  indeed  to  many,  many  species.  Nematodes  are  very 
important  in  this  world,  and  on  and  on. 

Even,  frankly,  with  regard  to  human  infection,  it  seems  to  me  that  we 
have  addressed  ourselves  largely  to  the  problems  in  terms  that  are  relevant 
to  advanced  societies  with  high  levels  of  sanitation,  and  we  have  not  been 
particularly  concerned  about  the  potential  impact  of  any  harm  that  might  be 
caused  in  the  large  parts  of  the  world  which  do  not  have  advanced  sanitation. 

The  Guidelines  also  strike  me  as  representing  an  extraordinary  confi- 
dence in  the  completeness  of  our  knowledge  in  microbiology,  and  in  our 
ability  to  predict  the  consequences  of  scaling  things  up  by  factors  of  1010 , 
a confidence  which  I lack  personally. 

The  Guidelines  also  strike  me  as  being  quite  narrow  in  the  sense  that 
Jim  Neel  described,  in  their  preoccupation  with  recombinant  DNA  molecules 
formed  in  vitro , and  without  consideration  of  what  could  be  equally  impor- 
tant, and  perhaps  equally  potentially  hazardous,  experiments  involving  cell 
fusions,  chromosome  transfers,  and  so  on.  I think  it  is  really  time  that 
these  other  areas  be  given  thoughtful  consideration. 

This  perspective,  which  it  seems  to  me  informs  the  Guidelines,  may 
reflect,  indeed,  the  political  center.  It  does  not,  to  ray  mind,  reflect  the 
objectivity  with  which  we  are  familiar  in  everyday  science. 

To  turn  to  more  specific  points,  I really  personally  find  myself 
troubled  by  being  asked  to  give  an  opinion  on  these  proposed  revisions, 
particularly  because  there  is  such  an  extensive  reliance  upon  unpublished 
data.  If  you  look  in  the  Green  Book  in  the  sections  that  are  particularly 
relevant,  on  pages  30,  31,  and  32,  there  are  19  references  there  of  which 
eight  are  notes  not  available,  and  the  others  are  unpublished  manuscripts. 

I guess  this  weighs  on  me  particularly  because  I feel  I am  one  of  the 
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minority  on  this  Committee  who  would  be  qualified,  perhaps,  to  interpret 
those  experiments,  which  I feel  a responsibility  to  the  Committee  for,  but 
I can't  interpret  experiments  when  I haven't  seen  the  results. 

It  is  not  that  I distrust  the  workers  who  have  done  the  experiments. 

I just  feel  a need  to  examine  them  personally.  I also,  for  example,  trust 
Hal  Ginsberg  when  he  tells  me  that  K-12  is  not  a good  pathogen.  I believe 
him.  But  that  doesn't  mean,  to  my  mind,  that  it  couldn't  be  made,  somehow, 
a better  pathogen.  Pathogens  in  this  world  come  to  a kind  of  equilibrium 
with  their  hosts. 

Furthermore,  the  evidence  as  I have  heard  it  which  relates  to  the 
unlikelihood  that  K-12  could  colonize  humans  doesn't  help  me  very  much  with 
the  possibility  that  K-12  could  transfer  their  plasmids,  for  example,  to  other 
organisms  in  varied  circumstances  which  simply  have  not  been  investigated 
in  nature. 

In  another  sense,  the  existing  Guidelines  reflect  a kind  of — to  my 
mind,  they  are  sort  of  floating  on  an  ordinate  of  hazard.  You  have  heard 
various  opinions,  and  are  accepting  the  new  data  at  face  value — not  having 
seen  it,  but  accepting  it.  One  can  still  be  left  with  the  fact  that  the 
absolute  level  of  hazard  is  floating.  Those  who  thought  that  the  Guidelines 
were  ludicrous,  if  they  accept  the  new  data,  will  now  think  they  are  even 
more  lucidrous,  as  we  heard  this  morning.  Those  who  thought  the  Guidelines 
in  the  past  were  inadequate  may  still  feel  that  they  are  inadequate.  It  is 
still  not  possible  to  establish  an  absolute  level  of  hazard. 

To  take  up  just  a few  specific  questions — and  I will  try  to  write  it 
in  more  detail — a few  matters  that  concern  me  particularly,  one  was  the 
matter  of  introducing  new  host-vectors.  I was  surprised  and  a little  dis- 
turbed this  morning  to  learn,  for  example,  that  experiments  had  been  approved 
using  Bacillus  subtilis  as  a potential  host-vector.  It  seems  to  me  that  in 
view  of  all  the  concern  that  has  been  expressed  about  K-12 — in  view  of  all 
the  knowledge  we  have  about  K-12 — that  the  introduction  of  another  vector  or 
other  vectors  should  be  preceded  by  very  extensive  and  full  public  analysis 
of  all  the  potential  circumstances  surrounding  such  a vector.  In  other  words, 
with  what  other  organisms  might  plasmids  from  that  vector  be  exchanged?  what 
other  organisms  are  the  potential  victims  or  objects  of  attack  by  such  a 
vector?  and  so  on.  In  other  words,  when  you  bring  in  subtilis  you  bring  in  a 
whole  different  environment  with  which  you  have  to  be  concerned  than  when  you 
talk  about  col i . And  so  on  when  you  bring  in  Streptomyces  or  whatever. 

To  make  a couple  of  very  specific  comments,  I am  fully  in  favor  of 
the  revisions  that  would  allow  the  Director  some  discretion  in  regard  to 
so-called  forbidden  experiments.  I think  that  is  necessary  in  order  to 
allow  risk  assessment  experiments.  At  the  same  time  I think  I would  caution 
against  that  kind  of  trend  to  say  that,  well,  because  such-and-such  an 
experiment  has  now  been  allowed  somewhere  else,  it  should  be  allowed  here. 

That  could  lead  to  to  a kind  of  endless  roulette. 
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I would  agree  with  Dr.  Ginsberg's  suggestion  that  Pl+EKl  experiments  be 
eliminated  from  the  Guidelines,  primarily  because  I don't  think  it  is  a 

meaningful  level  of  containment  anyway;  just  a lot  of  red  tape. 

Other  than  that,  I have  to  say  that  I think  the  tidying  up  of  the  defi- 

nition is  important,  so  as  to  exclude  a lot  of  kinds  of  experiments  that 
simply  duplicate  events  that  go  on  in  nature  anyway.  I think  there  are  a 
lot  of  other  things  that  are  tidied  up  in  the  Guidelines.  Other  than  that, 

I am  hesitant  to  endorse  the  numerous  changes  which  correspond  to  a decrease 
in  level  of  containment  at  this  time. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Sinsheimer. 

Ms.  Patricia  King,  as  we  have  indicated,  is  a member  of  the  National 
Commission  for  the  Protection  of  Human  Subjects.  She  is  a lawyer  and  an  as- 
sociate professor  at  Georgetown. 

Ms.  King. 

MS.  KING:  Well,  I guess  I had  better  state  where  I come  from,  too. 

That  is,  basically  a person  who  was  not  biased,  either  in  favor  of  revisions 
in  the  Guidelines  or  against  them  when  I came  to  this  meeting.  I might  add, 
I probably  still  am  not.  I have  been  happy  to  have  been  a part  of  the 
meet ing . 

I share,  however,  I think,  something  that  was  stated  before.  That  is, 

I have  been  terribly  upset  with  what  I can  view  as  the  procedure  to  the 
process  by  which  the  revisions  were  proposed.  That  does  not  mean  that  I am 
opposed  to  the  revisions,  necessarily.  It  may  mean  that  I may  have  no 
confidence  one  way  or  the  other  that  they  should  have  been  proposed.  I 
think  in  fairness  to  NIH,  because  I don't  want  to  sound  too  critical,  that 
I think  a part  of  what  I am  about  to  talk  about  is  a result  of  a lack  of  a 
clear  objective  about  what  we  want  to  do  in  this  area,  whether  we  indeed 
want  to  have  guidelines  or  have  regulations.  I think  in  the  face  of  the 
somewhat  of  an  ambiguity  in  our  objectives,  some  things  were  to  be  expected. 

Since,  as  I understand  the  NIH  position,  you  want  to  have  guidelines 
and  give  guidance,  and  not  be  a regulatory  agency,  what  I am  about  to  say  is 
in  that  vein,  because  I quite  agree  with  you.  I am  not  sure  I would  like 
to  see  NIH  as  a completely  regulatory  agency  at  the  same  time  it  promotes 
and  sponsors  the  same  type  of  research. 

Let  me  go  back  to  the  Recombinant  Advisory  Committee.  It  seems  to 
me  that  at  the  time  that  the  revisions  were  proposed,  we  should  have  had 
some  serious  thought  about,  one,  the  composition  of  that  committee  and 
what  its  precise  role  is  going  to  be.  If  it  is  going  to  make  scientific 
assessments  only,  then  I have  no  problem  with  that  committee  being  composed 
entirely  of  scientists.  If  that  committee  was  to  do  more,  which  was  to  take 
into  account  additional  concerns  other  than  evaluating  purely  scientific 
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evidence,  then  I have  a great  deal  of  concern  about  the  composition  of  a 
committee  which  is  basically  composed  of  people  who  are  scientists,  and 
only  two  public  members  as  I read  your  membership  list.  I am  concerned 
that  that  committee,  at  the  time  it  undertook  to  do  revisions,  based  at 
least  on  what  I have  heard  in  the  last  two  days,  did  not  have  public  hear- 
ings at  that  time,  before  these  revisions  were  concrete.  Really,  what  has 
been  done  in  the  last  two  days  I would  have  thought  should  have  been  done 
at  that  level  rather  than  at  this  level,  when  there  could  have  been  a great 
deal  more  deliberation  about  what  the  revisions  should  be. 

I am  concerned  because  I was  concerned  about  the  discussion  last  night 
with  respect  to  viruses.  I am  obviously  incapable  of  making  a scientific 
judgment,  but  I think  that  I would  have  felt — I am  upset  to  think  that  the 
process  that  was  involved  in  making  the  decisions  about  viruses  last  night 
might  not  have  been  a good  one.  I don't  care  whether  the  Europeans  are  ahead 
of  us  or  behind  us.  What  I do  care  about  is  a careful  assessment  that  carries 
with  it  some  credibility  to  the  public  about  whether  this  country  should  move 
into  an  area  or  relax  certain  restrictions.  And  I think  I would  have  been 
confident  if  you  had  proposed  a relaxation  of  restrictions  if  I had  been  more 
confident  about  the  process  in  which  that  was  considered. 

I think  that  it  may  be  that  you  don't  want  that  committee  to  have  that 
role,  and  if  that  is  so,  Lhen  I would  propose  that  perhaps  you  think  of  some 
other  committee  or  some  other  structure.  You  may  want  a committee  just  to 
do  scientific  assessment.  It  seems  to  me  you  may  want  a committee  that  would 
take  into  account  broader  issues.  This  committee  got  involved  in  a lot  of 
things,  including  what  biohazards  committees  should  look  like,  whether  you 
should  have  a safety  officer,  and  to  a degree  that  it  got  into,  it  seems  to 
me,  roles  and  responsibilities,  then  I would  have  wanted  a broader-based 
committee  than  the  one  I see  represented,  at  least  in  the  list  I have  been 
given. 


I would  also  say  that  I don't  see  this  Committee,  the  Director's 
Advisory  Committee,  as  substituting  somehow  for  what  I have  been  asking  for 
and  what  I would  like  to  see.  This  seems  to  me  to  be  a two-day  meeting  in 
which  we  are  asked  to  make  assessments  based  upon  reading  almost  900  pages 
of  documents  which  I valiantly  tried  to  do,  and  to  try  to  understand  a lot 
of  testimony  that  I,  for  one,  do  not  feel  particularly  qualified  to  com- 
pletely evaluate.  It  seems  to  me  in  addition,  we  don't  really  deliberate 
what  we  have  heard;  we  are  giving  you  our  impressions  of  what  we  have  heard, 
which  seems  to  me  to  be  appropriate  for  a Director's  Advisory  Committee,  to 
give  you  individual  impressions,  but  I would  have  hoped  for  some  area  where 
there  would  have  been  deliberations  in  public  by  a group  that  would  have 
included  more  public  members. 

Obviously  I am  influenced  by  my  role  in  the  National  Commission,  which 
I think  has  been  quite  successful  in  inspiring  confidence,  not  so  much  for 
what  it  says,  always,  but  for  the  fact  that  it  has  been  in  the  open,  and  for 
the  composition  of  that  Commission. 
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With  respect  to  whether  or  not  you  intend  to  have  guidelines  as  op- 
posed to  regulation,  I think  the  process  might  have  been  helped,  or  at 
least  there  may  have  been  a greater  sense  of  a credible  process  in  the  mind 
of  the  public,  if  the  NIH  would  articulate  standards.  You  don't  have  to 
make  them  regulations.  But  I have  in  mind,  for  example,  if  you  did  more 
articulating  what  kind  of  training  you  wanted,  how  to  monitor,  how  you 
would  like  a biohazards  committee  to  monitor,  how  you  want  information 
conveyed  to  workers,  how  you  want  to  monitor  health  in  the  laboratories, 
then  that  would  have  been  helpful.  They  don't  have  to  be  mandatory,  but 
it  seems  to  me  if  you  are  giving  guidance,  the  more  specific  guidance  you 
can  give,  the  better  your  process. 

I have  some  procedural  concerns  in  other  areas,  I am  not  opposed  to 
having  a classification  and  a definition  of  novel  versus  non-novel  experi- 
ments. I have  a great  deal  of  difficulty  saying  that  that  should  be  done 
when  one  does  not  have  a procedure  for  establishing  what  are  non-novel  exper- 
iments. Now,  I heard  last  night  how  difficult  that  was.  I am  not  suggesting 
standards,  I am  now  talking  about  procedures.  It  might  be  helpful  in  your 
Guidelines  to  say  what  procedure  you  are  going  to  set  up  to  evaluate  experi- 
ments and  to  have  them  excluded,  if  you  can't  at  this  time  set  down  standards 
by  which  you  will  decide  that  some  experiments  are  non-novel.  I think  that 
that  will  inspire  confidence,  because  otherwise  people  will  be  fearful  that 
it  is  going  to  be  a one-on-one  ad  hoc  process  without  any  parameters.  So  I 
am  really  asking  for  a few  parameters  in  terms  of  saying  how  you  intend  to 
go  about  deciding  what  is  novel  and  what  is  non-novel. 

I might  also  say  that  I endorse  strongly  the  ability  of  the  Director 
to  create  exceptions  to  those  experiments  that  are  prohibited.  I might  also 
stress,  as  I did  yesterday,  however,  that  I at  least  would  like  to  see  that 
discretion  exercised  in  conjunction  with  some  group,  not  necessarily  this 
Committee,  either,  but  some  group  that  would  operate  in  public  and  would  give 
you  at  least  a consensus  view  in  public,  or  at  least  where  the  public  could 
participate  in  the  open,  and  I would  leave  it  to  the  Director  to  make  an 
appropriate  decision.  You  might  have  to  do  that  in  conjunction  with  other 
agencies  as  well  as  the  public.  I think  I indicated  what  I had  in  mind  the 
other  day. 

I would  also  urge,  as  I did  this  morning — and  I am  happy,  so  I would  en- 
dorse what  you  have  already  suggested,  Dr.  Fredrickson — that  the  institutional 
assurance,  as  I understand  it,  be  changed  so  as  to  apply  to  institutional 
research  that  is  not  NIH-sponsored , if  that  can  be  legally  done. 

I have  no  recommendations  with  respect  to  industrial  research  that  is 
not  conducted  in  institutions,  perhaps  because  I am  not  sure  what  authority 
we  have  to  do  anything  about  that  anyway.  To  the  degree  that  you  have  some 
authority  that  I am  not  aware  of,  I think  it  should  be  exercised.  I think  it 
would  be  a pity  to  have  to  set  up  a separate  system  parallel  to  the  one  that 
NIH  has  established  to  monitor  a small — in  terms  of  percentage  of  total 
research — body  of  research,  but  a body  of  research  that  at  least  may  in  the 
public  mind  continue  to  promote  public  fears  and  misunderstanding  about  this 
entire  area. 
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In  summary,  I guess  I might  be  said  to  be  very  interested  in  the  fact 
that  in  the  public  mind,  at  least,  what  we  do  is  credible,  and  that  the  public 
perception  of  what  we  have  done  with  respect  to  recombinant  DNA  research — what 
we  are  doing  in  that  area — be  structured  so  that  we  won't  have  to  get  into  the 
area  of  prohibiting  or  making  more  restrictive  this  area  of  research,  if  that 
didn't  come  through  as  a clear  concern  of  mine. 

Thank  you. 

DR.  FREDRICKSON:  Thank  you,  Ms.  King. 

Well,  Sir  John  Kendrew,  you  are  now  the  Director  of  the  European  Molec- 
ular Biology  Laboratory.  What  is  the  view  from  the  Philosovischenvag  [?]  in 
Heidelberg?  It  is  a very  different  world,  isn't  it? 

SIR  JOHN  KENDREW:  Well,  Dr.  Fredrickson,  it  is  a very  different  world, 

and  I suppose  in  one  sense  I might  feel  a kind  of  detachment  from  all  that 
is  going  on  here  and  sit  back  and  view  it  as,  indeed,  I do  from  time  to 
time,  with  a mixture  of  sometimes  astonishment  and  sometimes  admiration  at 
the  way  in  which  you  conduct  your  business. 

(Laughter . ) 

Now,  I think  that  we  are  all  rather  parochial  about  these  things,  and 
coming  from  the  most  insular  and  parochial  country  in  the  world,  I under- 
stand this  very  well.  I sometimes  think,  of  course,  even  a country  like  the 
United  States  can  be  a little  insular;  it  is  an  island  too.  I think  it  is 
important  for  a body  like  this  to  recall  that  actually  what  is  going  on  here 
is  of  very  intimate  importance  to  the  rest  of  the  world. 

It  happens  that  in  this  field  of  research  the  way  was  led  by  the  United 
States.  It  happens  that  Asilomar  happened  in  the  United  States.  It  happens 
that  the  first  guidelines  were  drafted  by  the  United  States.  And  indeed,  to 
a remarkably  close  approximation,  all  other  countries  which  have  now  developed 
guidelines  or  drafted  guidelines  have  followed  the  United  States  very,  very 
closely.  I think  this  is  a remarkable  tribute,  as  a matter  of  fact,  to  the 
kind  of  scientific  and  administrative  leadership  that  this  country  has  been 
able  to  exert.  But  I think  that  one  ought  to  remember  that  it  is  one  world, 
and  particularly  in  science  one  world,  and  I think  it  is  very  important  that 
efforts  should  continue  in  the  future  to  produce  some  kind  of  close  correla- 
tion, some  kind  of  marching  along  in  the  same  direction  in  this  matter  of 
guidelines  in  all  the  countries  where  this  kind  of  work  is  going  on. 

Now,  I think  in  all  those  countries  the  need — almost  all  those  countries 
— the  need  for  guidelines  has  been  recognized;  and  I think  that  even  though 
some  of  us  might  have  some  sympathy  with  some  of  the  things  Jim  Watson  said 
this  morn ing--wh ich , roughly  speaking,  was  to  the  effect  that  there  is  no 
danger  and  what  the  hell  is  all  this  waste  of  time  for — the  fact,  of  course, 
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is  chat  even  if  you  do  completely  believe  what  Jim  says  in  that  respect,  there 
is  real  public  concern,  whether  justified  or  not.  It  exists.  And  therefore 
it  is  perfectly  clear  to  me  that  there  should  be  guidelines,  there  should  be 
public  discussion.  I believe,  just  to  make  my  position  about  the  proposed 
revision  clear,  I believe  that  the  proposed  revision  is  by  and  large  in  the 
right  direction.  That  is  to  say  it  recommends  a relaxation  and  a downgrading 
of  a relatively  modest  kind.  I think  this  is  the  right  direction  to  be 
going. 

When  you  look  at  the  latest  version  of  the  EMBO  guidelines — and  John 
Tooze  has  told  you  about  those,  and  you  have  seen  it  in  documents — you  might 
say  that  without  getting  involved  in  the  nature  of  the  interval  and  whether 
the  scale  is  linear  or  not,  here  you  are  proposing  one  step  in  the  direction 
of  relaxation  and  the  EMBO  is  proposing  at  least  one  and  a half  if  not  two 
steps.  One  might  ask  why,  since  the  bodies  who  were  charged  with  preparing 
these  proposals  are  much  the  same  kinds  of  bodies  in  the  two  cases.  I do 

rather  come  back  at  this  point  to  the  kinds  of  considerations  that  you  have 

just  heard  from  Ms.  King. 

You  see,  I think  that  one  really  must — and  I think  this  is  the  point 
that  has  been  made — one  really  must  try  and  differentiate  between  scientific 
judgments  and  political  judgments;  and  the  implication  has  been  made  by  some 
others  that  when  we  talk  about  your  Committee,  sir,  erring  on  the  side  of 

caution,  that  being  interpreted  means  that  you  don't  dare  say  what  you  be- 

lieve, because  you  are  worried  about  the  political  consequences. 

Now,  I think  in  some  respects  that  the  EMBO  Committee  is  at  the  same 
time  better  off  and  worse  off.  You  see,  your  Committee,  sir,  is  in  a favored 
position  because  it  is  close  to  the  seats  of  power.  It  is  giving  direct 
advice  to  you  as  head  of  an  executive  agency.  The  EMBO  Committee  is  in  a 
different  position.  It  is  purely  advisory.  It  isn't  even  advising  a govern- 
ment, it  is  advising  12  governments.  Nobody  need  take  any  notice  of  what 
it  says.  Nobody  even  need  give  any  reasons  why  they  don't  take  any  notice  of 
what  it  says.  So  that  is  a bit  frustrating.  But  on  the  other  hand,  I think 
it  does  enable  the  scientific  judgments  to  be  exercised  perhaps  in  a freer 
way  than  in  a committee  which  is  so  exposed  to  the  glare  of  publicity  that 
it  must  worry  at  some  points  how  far  its  judgments  are  really  those  of  a 
scientific  committee,  and  how  far  are  they  of  some  kind  of  group  which  is  a 
kind  of  mixture  of  a scientific  committee  and  a committee  responsive  to 
public  attitudes  and  various  aspects  of  the  relations  between  science  and 
society,  which  actually  have  nothing  to  do  with  assessing  the  risk  of  a 
particular  experiment.  So,  I mean,  I think  that  there  is  a good  deal  perhaps 
to  be  said  for  thinking  out  rather  carefully  the  role  of  the  several  commit- 
tees involved  at  different  levels.  I am  not  sure  that  everybody  sits  on 
every  committee,  that  at  every  level  you  have  a committee  which  contains 
biologists  who  are  in  recombinant  DNA,  non-biologists,  members  of  the  public, 
all  kinds — You  know,  I think  the  considerations  involved  in  these  discus- 
sions depend  on  the  circumstances.  I think  one  needs  a carefully  articulated 
group  of  committees  with  perhaps  a rather  different  membership  at  the  differ- 
ent levels.  I am  absolutely  clear  that  representatives  of  all  the  groups 
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that  are  to  be  found  in  this  room,  for  example,  should  have  a strong  input 
into  the  final  result,  but  I am  not  sure  whether  the  discussion  is  clarified 
by  having  an  input  by  everybody  at  every  stage. 

To  go  back  to  the  EMBO  business,  well,  the  EMBO  committee  has  taken  a 
step  beyond  what  your  committee,  sir,  has  taken.  I think  that  there  could 
be  some  useful  feedback  here,  and  I think  it  might  be  worthwhile  to  perhaps 
have  some  more  articulated  mechanism  for  getting  a relationship  in  both 
directions  between  what  is  going  on  in  this  continent,  and  what  is  going  on 
on  the  other  side  of  the  Atlantic. 

But  so  much  for  generalities,  and  I just  wanted  to  make  very  briefly 
one  or  two  more  specific  points,  some  of  which  have  been  made  before,  but 
which  I would  like  to  emphasize.  First  of  all,  I am  strongly  in  the  belief 
that  all  efforts  should  be  made  to  encourage  risk  testing  experiments,  and 
I would  endorse  the  idea  of  exemptions.  I would  think  that  they  ought  to  be 
positively  encouraged  by  special  funding,  because  the  fact  is  that  if  you 
happen  to  think  that  the  dangers  have  been  exaggerated,  if  you  do  a risk 
testing  experiment,  the  result  you  expect  is  a negative  one,  and  that  makes 
for  a boring  experiment.  So  I think  it  is  very  important  to  do  the  experi- 
ments, but  I think  people  need  incentive  to  do  them. 

Secondly,  I believe  it  is  very  important  to  encourage  the  development 
of  alternative  host-vector  systems  at  this  juncture,  and  I am  not  going  to 
enlarge  on  these  points,  they  have  been  enlarged  on  before. 

Thirdly,  I would  like  to  have  seen  in  the  Guidelines  more  precision  on 
the  subject  of  naked  DNA.  I think  there  is  a certain  lack  of  clarity  there, 
but  I won't  enlarge  on  it  here. 

Another  point — it  has  been  mentioned  before — I don't  know  whether  it 
belongs  in  the  Guidelines,  and  that  is  for  me  the  enormous  importance  of 
training  courses,  and  not  only  of  the  existence  of  training  courses,  but  the 
validation  of  courses.  I proposed  in  my  laboratory  in  Heidelberg  to  say 
that  people  cannot  come  and  work  there  unless  they  have  passed  a training 
course  which  we  will  put  on  ourselves,  or  they  can  demonstrate  that  they 
have  satisfactorily  accomplished  an  equivalent  training  course  somewhere 
else,  but  how  do  we  know  what  is  an  equivalent  training  course  somewhere 
else?  I think  some  kind  of  standardization  or  accreditation  of  training 
courses  is  very  important. 

Equipment  design,  I believe  that  the  time  has  come  when  we  need  some 
kind  of  standardization,  certification  of  equipment  design,  and  especially 
I think  we  need  standardizat ion  of  test  procedures.  Test  procedures  are 
understood,  but  they  differ  in  different  places.  I think  it  would  be  impor- 
tant in  some  regulatory  area  to  establish  procedures  for  testing  equipment. 

Finally,  I come  back  to  the  point  I raised  before — positive  pressure 
suits.  I think  there  are  some  people  in  some  countries  who  would  like  to 
see  safety  cabinets  done  away  with  altogether,  and  the  whole  thing  done  with 
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positive  pressure  suits.  I wouldn't  like  to  comment  on  this,  but  at  some 
stage  I would  like  your  committee,  sir,  to  perhaps  come  a little  more  out 
into  the  open  on  that  subject.  Those  are  small  points,  and  I think  that  is 
what  I have  to  say. 

DR.  FREDRICKSON:  Thank  you,  Sir  John. 

Professor  Rosenblith,  Provost  of  MIT,  long  a member  of  this  Advisory 
Committee,  and  also  one  of  those  in  attendance  in  1976. 

Walter . 

PROFESSOR  ROSENBLITH:  Well,  I guess  professors  just  don't  know  how  to 

say  they've  already  said  it.  Nevertheless,  I am  impressed  by  the  fact  that 

both  Peter  Hutt  and  Bob  Sinsheimer  have  raised  some  of  the  issues  that  con- 

cern me  too,  although  I wouldn't  necessarily  agree  with  them  on  the  details, 
having  neither  the  competence  of  the  one  nor  the  other. 

I would  like  to  say  that  instead  of  talking  about  the  Guidelines  as  we 

have  them  before  us,  I would  first  like  to  say  something  about  other  aspects 
of  the  process.  I think  that  this  has  been  a remarkable  process.  It  has 
been  a process  with  warts,  like  all  processes,  especially  if  they  are  model 
or  pilot  processes.  I think  they  are  processes  that  if  you  ran  them  the 
second  time  that  way,  you  would  say  you  have  no  right  to,  but  there  is  a 
first  time. 

I think  that  the  process  has  been  very  significant  in  helping  institu- 
tions around  this  country,  academic  institutions,  to  come  to  grips  with  a 
set  of  complex  issues  that  they  have  not  previously  considered.  I think 
that  our  own  institution,  where  we  very  quickly  came  to  a posture — which  I, 
by  the  way,  think  most  academic  institutions  today  endorse,  namely  of  saying 
that  we  will  obey  the  Guidelines  no  matter  who  is  the  sponsor — I think  for 
our  institution  it  has  given  us  a different  way  of  viewing  the  whole  area  of 
biosafety.  It  has  made  for  a consciousness  raising  that  hasn't  yet  gone  to 
the  fact  of  standardizing  training  courses,  as  Sir  John  was  talking  about, 
but  that  has  led  to  a considerable  increase  of  awareness  of  what  we  had  to 
do  in  these  areas. 

I think  in  an  institution  in  which  there  are  lasers  and  there  is  radio- 
activity and  there  are  biohazards,  it  is  not  that  easy  to  do  that,  and  while 
Professor  King  and  I may  have  sounded  a little  bit  90  degrees  out  of  phase, 

I think  that  basically  we  need  to  learn  how  to  come  to  grips  with  these 
matters.  Having  said  that,  let  me  say  that  my  reaction  to  the  revisions 
which  we  have  before  us  is  mixed.  It  is  mixed  because  I perceive  two  out- 
standing difficulties — and  I don't  call  them  faults,  but  difficulties.  I 
think  the  context,  the  conceptual  context  is  not  clearly  stated.  Without  a 
clear  statement  of  the  conceptual  context,  and  I am  well  aware  of  the  dif- 
ferent opinions  we  know  and  have  about  it,  it  is  very  hard  to  set  clear 
objectives  and  then  to  write  clear  guidelines  or  clear  regulations. 
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I think  that  at  the  present  time  we  are  at  a stage  where  there  is  ob- 
viously some  movement,  where  there  is  obviously  new  knowledge;  but  I don't 
think  that  the  new  knowledge  has  been  put  into  a sufficient  perspective  to 
justify  what  has  been  done  in  detail.  My  concern  goes  further,  and  though 
you,  Mr.  Chairman,  and  maybe  the  rest  of  my  colleagues,  felt  that  I was 
harping  a bit  too  much  on  one  small,  technical  point,  to  me  it  was  symbolic 
of  the  fact  that  I see  too  much  detail  and  often  what  appears  to  be  fairly 
arbitrary  details,  without  a strong  conceptual  twig  to  hang  it  on.  That 
then  leads  people  who  see  numbers  to  either  overestimate  them  or  to  do  with 
them  things  that  are  not  legitimate,  and  it  is  this  concern  that  I have  that 
led  me  to  make  certain  recommendations  with  respect  to  future  research,  with 
respect  to  public  information,  and  with  respect  to,  I think,  what  is  a task 
that  needs  to  be  undertaken  in  addition  to  the  burdens  that  you  already  have. 
1 think  it  is  important  to  broaden  the  research  program  in  the  area  of  risk 
aassessment  by  bringing  in  new  disciplines — disciplines  that  have  previously 
not  looked  at  these  problems. 

Model-making  is  often  muddle-making,  but  the  fact  is  that  it  ain't 
necessarily  so.  I think  that  it  is  important  to  assure  oneself  whether 
indeed  there  is  something  to  be  learned  out  of  the  history  of  the  AEC  and 
the  radiation  problem — not  just  in  the  area  of  the  way  in  which  standards 
were  assessed,  in  which  decisions  were  made,  but  maybe  even  in  the  area  in 
which  the  relationship  to  industry  was  established,  and  what  weaknesses  and 
strengths  that  has.  And  1 think  that  it  should  be  legitimate  for  NIH  or  for 
other  Federal  agencies  to  do  research  and  to  support  and  sponsor  research 
in  those  areas.  I think  it  is  important  to  understand  where  we  are  with 
respect  to  the  epidemiology  of  laboratory  environments.  I don't  know  that 
anybody  can  do  something  that  is  going  to  be  terribly  important,  or  terribly 
informative  or  decisive,  but  1 have  the  feeling  that  we  are  certainly  under- 
developed in  that  area. 

I would  go  a step  further.  I suggested  yesterday  to  you,  Mr.  Chairman, 
that  it  might  be  important  to  inform  the  public  of  progress  in  this  area. 

Now,  1 was  sensitive  to  your  remark  about  conflict  of  interest,  but  I am  not 
sure  that  we  can  leave  it  to  the  Scientific  American  and  Clifford  Grobstein 
to  do  this.  I think  we  need  to  have  a task  of  public  accountability  with  re- 
spect to  the  information  which  will  establish  a context  for  future  revisions. 

1 am  impressed  with  the  fact  that  without  the  communication  of  a mean- 
ingful conceptual  framework,  too  much  of  what  is  being  done  looks  like  it's 
one  damn  case  after  another,  and  that,  I think,  does  not  inspire  public 
confidence. 

I would  go  a step  further  and  say  that  the  education  is  not  just  for  the 
public  at  large.  Let's  not  kid  ourselves  about  it.  It  is  for  the  education 
of  other  disciplines  in  academe  too.  I am  impressed  by  the  fact  that  our 
biological  colleagues  are  quite  sure  what  the  issues  are  in  nuclear  dangers, 
and  that  many  of  my  physical  colleagues  are  also  very  sure  what  the  problem 
is  in  recombinant  DNA.  I have  a feeling  that  the  ignorance  that  exists 
gives  people  the  illusion  of  seeing  the  problems  sharply. 
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Finally,  I must  say  that  we  have  heard  a great  deal  about  the  fear  of 
epidemics  that  haven't  materialized.  I wouldn't  go  so  far  as  to  say  that 
we  have  crystallized  an  attitudinal  epidemic,  but  we  have  certainly  produced 
a pervasive  attitudinal  change  as  far  as  the  public  is  concerned,  of  which 
this  is  not  the  only  factor.  There  are  many  factors  that  brought  this  about. 
But  I think  that  no  matter  how  passionately  a Jim  Watson  can  speak,  it  isn't 
enough  for  a few  scientists  to  say  "I  made  a mistake;  I apologize,  I was 
wrong,"  to  turn  off  that  pervasive  attitudinal  change. 

I think  it  bespeaks  highly  the  investment  of  time,  Mr.  Chairman,  which 
you  and  your  colleagues  have  brought  to  this  task,  that  you  are  willing  to 
live  with  it,  to  see  it  through  seriously  and,  in  spite  of  our  part-time 
warriors'  advice  we  give  you,  to  deal  with  it  on  a continuing  basis. 

DR.  FREDRICKSON:  Thank  you,  Professor  Rosenblith. 

Dr.  Roger  DeRoos , Head  of  the  Department  of  Environmental  Health  and 
Safety  at  the  University  of  Minnesota. 

DR.  DE  ROOS : I might  comment  briefly  to  begin  with  on  a perspective 

that  I come  from.  I sort  of  see  myself  and  the  Department  in  between  the 
Guidelines  and  the  investigator  in  a sense,  trying  to  do  some  of  those 
things  that  it  says  for  the  biosafety  officer  to  assure.  At  the  same  time, 

I guess  I would  identify  a great  deal  with  what  Mr.  Beaty  and  Ms.  Menard 
have  said  earlier;  and  I think  that  my  comments  will  be  directed  primarily 
toward  the  idea  that,  both  from  what  the  public  witnesses  have  said  and 
from  what  others  have  said,  the  integrity  of  the  institutional  biohazard 
committee  is  somewhat  of  a keystone  to  both  the  public's  understanding  that 
the  research  is  being  carried  out  safely — indeed,  if  and  when  it  is — and 
within  the  inner  institution  . . . understandings  of  that. 

I think,  for  example,  that  the  section  on  containment  is--  I really 
heartily  endorse  the  way  that  has  been  revised  to  make  it  more  easily  inter- 
preted by  the  biohazard  committee.  I think  in  making  that  revision,  however, 
that  by  introducing  the  tabular  alternatives  of  containment  for  the  same 
experiment,  we  have  introduced  an  area  of  judgment,  a great  deal  more  judg- 
ment. I think  Dr.  Rosenblith  made  that  point  a couple  of  times  in  the 
meet ing . 

I believe  that  one  of  the  things  that  could  help  make  those  judgments 
would  be  an  additional  appendix,  if  you  will,  and  I will  comment  on  that  fur- 
ther as  I go  along  in  relation  to  also  the  institutional  kinds  of  concerns. 

Some  of  the  discussion  that  Dr.  Barkley  brought  out  earlier  about  making 
those  judgments,  if  that  can  be  included:  not  necessarily  making  the  Guide- 

lines more  specific,  but  I think  that  biohazard  committees,  knowing  the 
basis  on  which  those  judgments  are  made,  would  indeed  apply  those  judgments, 
and  it  would  bring  a degree  of  uniformity  among  biohazards  committees  across 
the  country. 
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I think,  similarly,  Ms.  Menard  mentioned  the  training  area,  and  I also 
would  put  the  medical  surveillance  area  into  this  category.  It  mentions  that 
we  should  have  it  and  that  we  should  have  certification  of  training.  But 
what  do  we  mean  by  certification  of  training?  In  fact,  we  had  a discussion, 
a considerable  discussion — I consider,  by  the  way,  training  to  be  one  of 
the  high  priorities  of  implementation  of  the  Guidelines  on  a large  university 
campus.  But  how  do  you  go  about  that  training?  How  to  you  certify  it?  Sir 
John  Kendrew,  I think,  made  some  comment  about  that,  assuring  that  the  people 
who  get  into  that  laboratory  have  had  a course.  We  have  done  some  of  that 
with  the  radiation  protection,  using  our  learning  centers  and  videotapes  and 
examinations  that  are  given  to  the  people  before  they  can  have  users  certif- 
icates to  use  radioisotopes  on  campus.  I think  that  is  important.  If  it  is 
not  done  as  appendices  to  the  Guidelines,  if  information  and  guidance  is  not 
presented  there,  then  I think  another  way  that  could  be  of  great  help  would 
be,  for  example,  for  Dr.  Gartland's  office  to  really  go  and  increase  their 
level  of  activity  of  exchange  of  information  among  biohazard  committees.  I 
feel  sometimes  that  our  institutional  biohazard  committee  has  operated  some- 
what in  a vacuum  of  knowledge  from  what  is  happening  at  other  institutions. 

We  do  get  a fair  amount  of  information  from  the  literature,  but  I think  an 
ongoing  exchange  of  how  do  we  evaluate  specific  kinds  of  hazards.  . . . 


And  I think  your  technical  newsletter  might  make  a very  strong  effort 
to  actually  go  out  and  seek  that  information  from  institutions.  For  example, 
we  have  been  spending  the  last  18  months  in  developing  a very  detailed  policy 
and  procedures  manual.  I don't  know  how  many  other  institutions  are  doing 
the  same  thing,  and  I have  gotten  some  from  other  institutions,  but  maybe 
there  could  be  a lot  of  sharing  of  information. 


I think  similarly,  then,  that  that  kind  of  theme  could  carry  through  to 
the  biological  safety  officer  concept.  I think  what  one  might  do  with  the 
section  on  institutional  relationships — I believe  it  is  Section  IV--is  to 
develop,  like  you  had  an  Appendix  D for  the  containment  section,  if  you  could 
develop  an  Appendix  E for  that  section,  giving  some  suggested  guidelines-- 
For  example,  it  has  been  mentioned,  the  concern  about  how  often  should 
laboratories  be  inspected.  If  in  that  medical  surveillance  question,  and 
the  inspection  question  and  so  forth,  if  there  might  be  an  Appendix  E that 
would  give  some  further  guidance  in  that  area,  I think  that  would  be  a great 
deal  of  help  in  making  these  procedures  more  uniform.  Also,  I think,  in 
increasing  to  a great  extent  the  uniformity  from  institution  to  institution. 


The  other  thing  I would  comment  on,  I would  be  very  complimentary  to  the 
University  of  Washington  and  their  biohazard  committee  in  terms  of  the  public 
exposure.  I think  in  some  institutions,  possibly,  it  is  not  that  the  public 
exposure  has  not  been  there  because  there  has  been  a conscious  attempt  not 
to  have  it,  but  rather  there  maybe  hasn't  been  as  much  guidance  as  there 
should  on  how  to  do  it.  And  I think  there  again  the  Guidelines  might  be 
strengthened  as  to  how  to  do  that.  I guess  that  would  be  the  main  theme  of 
my  comments.  I have  a number  of  other  smaller,  less  consequential  comments 
which  I will  put  in  the  form  of  written  communication,  Dr.  Fredrickson. 
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DR.  FREDRICKSON:  Thank  you  very  much.  Dr.  DeRoos . 

Dr.  Sturgis,  I didn't  give  you  a fair  introduction  yesterday.  You  were 
in  environmental  and  occupational  health  long  before  it  was  a fad,  and  much 
of  your  work  was,  I guess,  published  under  the  name  Beauceaux  [?]  wasn't  it? 

DR.  STURGIS:  All  of  it. 

DR.  FREDRICKSON:  What  do  you  think,  Dr.  Sturgis? 

DR.  STURGIS:  I think  that  the  revised  Guidelines  are  a step  in  the  right 

direction,  and  I am  impressed  as  I have  listened  to  the  fact  that  there  are 
fads  with  us  in  the  scientific  community,  the  same  as  in  women's  clothes. 
Eighteen  months  ago  we  were  talking  about  the  "thrust"  of  everything,  and  at 
these  meetings  it  has  been  the  "scenario,"  and  I don't  know  what  it  will  be 
the  next  time.  But  I think  that  the  Guidelines — I hesitate  to  say  old, 
because  they  are  not  really  old,  but  the  original  Guidelines — certainly  have 
served  a very  useful  purpose.  I think  in  the  light  of  experience  the  revised 
Guidelines,  thought  not  perfect,  will  be  even  more  helpful. 

Now,  there  was  some  exception  taken  to  the  use  of  the  phrase  that  you 
were  "erring  on  the  side  of  caution."  So  it  doesn't  matter  what  language  is 
used,  but  the  question  is,  Is  the  prudence  exhibited  in  the  new  Guidelines 
excessive?  Will  it  discourage  important  scientific  endeavor? 

I feel  that  we  should  avoid  undue  haste.  There  seems  such  an  atmosphere 
of  rush  and  scramble.  The  material  gets  to  us  too  late  to  be  properly  di- 
gested. We  don't  have  the  time  to  read  it  thoroughly  and  study  it,  much 
less  look  up  the  references;  and  I would  like  to  suggest  for  the  future  what 
several  other  people  have  suggested — that  the  basis  on  which  some  of  these 
decisions  have  been  reached  be  given  a little  more  in  detail  to  us  who  are 
asked  to  make  suggestions  to  you  as  to  whether  or  not  the  changes  are  worth- 
while. I think  when  we  dash  into  decision-making  too  hastily,  we  lose  the 
confidence  of  the  thoughtful  public. 

The  main  reason  I like  the  revised  Guidelines  is  their  increased  flex- 
ibility. I have  said  I think  we  ought  to  have  more  data.  Repeated  witnesses 
referred  to  the  inadequacy  of  the  time  they  had,  particularly  the  members  of 
the  public.  I don't  think  we  really  are  in  a position — everyone  keeps  talk- 
ing about  the  wonderfully  improved  situation  and  confidence  we  might  have  in 
the  lack  of  risks  in  recombinant  DNA.  I don't  feel  that  way  at  all,  because 
I haven't  heard  any  hard  data.  There  have  been  some  experiments,  but  I am 
not  sure  that  what  we  are  looking  at  is  the  right  thing  for  evaluating  the 
impact.  In  other  words,  we  are  talking  about  genetics — certainly  not  my 
field — but  it  seems  to  me  that  it  may  take  a longer  time,  certainly  as  far 
as  humans  are  concerned,  or  mammals,  to  see  whether  there  is  any  effect  on 
the  progeny.  So  I think  that  we  shouldn't  oversimplify  the  thing  and  start 
too  hastily  to  come  to  conclusions  about  the  lack  of  risk. 

The  main  thing  that  I miss  is  lack  of  good  communications.  I think  we 
have  a big  public  relations  job  to  do,  so  many  earnest  and  sincere  people, 
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particularly  young  people,  are  deeply  interested  in  what  is  being  done;  and 
I think  we  need  to  interpret  in  simple  language  for  them  the  results  of  the 
research,  and  the  terminology  needs  to  be  simplified.  I think  it  would  go 
a long  way  toward  allaying  the  anxiety  that  we  have  created  in  the  public. 

Now,  there  have  been  several  references  to  getting  data  and  basic  in- 
formation on  health,  that  is  much  more  difficult  than  it  seems.  We  don't 
know  how  to  tell  that  a person  is  healthy,  and  I think  it  is  going  to  be 
a big  job  to  set  up  requirements  for  collection  of  basic  data  in  workers, 
much  less  than  in  environments.  So  I think  you  will  need  help  in  that  area. 

Just  how  industry  can  be  brought  into  line  with  academia  is  not  apparent, 
but  I think  it  is  wonderful  that  industry  is  anxious  to  abide  by  the  Guide- 
lines, and  by  all  means,  we  should  move  in  that  direction  while  they  are  of 
this  mind. 

Now,  I am  at  a loss  to  understand — this  is  irrelevant  to  the  big  ques- 
tions— but  why  the  three  people  on  biohazard  committees  here  feel  that 
NIH  has  to  get  them  together.  Goodness,  why  don't  you  get  yourselves 
together?  The  poor  two  full-time  people  in  this  area  are  so  overworked, 
why  give  them  another  job?  I think  you  three  are  pretty  terrific,  and 
you  can  say  that  again. 

(Laughter . ) 

DR.  FREDRICKSON:  Thank  you.  Work  that  out,  Dr.  DeRoos. 

(Laughter . ) 

Well,  Dr.  Gustafson,  we  have  finally  ascended  to  your  height,  and  I 
really  will  resist  any  Augustinian  metaphor.  Dr.  Gustafson  is  Professor  of 
Theological  Ethics  at  Chicago,  as  most  of  you  know. 

DR.  GUSTAFSON:  There  have  been  so  many  things  said  that  I would  support 

that  I don't  want  to  take  time  to  do  that.  When  I come  to  a meeting  like 
this,  requested  in  effect  as  I was  by  telephone  to  act  as  a kind  of  jury 
member,  to  listen  to  the  arguments,  one  of  the  things  that  interests  me  is 
wherein  lie  the  differences  of  opinion,  and  where  are  the  disagreements  that 
are  before  us,  and  in  what  ways  can  we  seek  to  overcome  those  disagreements 
or  can  we  specify  the  kinds  of  issues  on  which  there  are  disagreements  so 
that  we  can  move  on  from  that  to  figure  out  just  where  we  can  overcome  them. 

Now,  obviously  one  area  simply  is  primary  data  or  secondary  data  per- 
taining to  risk  factors  and  so  forth,  and  it  is  very  clear  that  any  discus- 
sion needs  to  have  accurate  data.  It  is  clear  that  any  enterprise  that 
necessarily  finds  its  justification  in  some  potential  benefits,  either  to 
people  in  our  generation  or  future  generations  has  to  engage  in  the  most 
rational  possible  process  of  judging  potential  consequences,  both  in  terms 
of  risks  and  in  terms  of  benefit.  So  I am  very  keen,  while  I have  my  own 
suspicions  and  difficulties  about  moving  from  the  procedures  of  technology 
assessment,  or  risk/benefit  analysis  as  that  takes  place  in  economics  into 
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areas  in  which  the  values  involved  are  not  as  easily  quantifiable.  While 
all  those  things  are  there,  it  does  seem  to  me  the  justification  is  ulti- 
mately consequences,  and  therefore  we  have  to  be  as  rational  as  we  can  and 
use  the  prudent  procedures  to  assess  those  kinds  of  consequences. 

Now,  clearly  one  of  the  areas  of  disagreement  we  have  among  us  is  even 
when  we  have  the  data,  what  are  the  proper  inferences  of  that  data — not  so 
much,  I take  it,  in  terms  of  specific  scientific  inferences,  but  what  are 
the  inferences  to  be  drawn  for  policy,  and  what  are  the  inferences  to  be 
drawn  for  guidelines,  since  these  guidelines  are  not  merely  guidelines  on 
how  to  conduct  research:  these  are  guidelines  which  pertain  to  matters 

related  to  research. 

I am  puzzled,  in  a way,  as  to  why  we  draw  so  many  different  inferences 
from  even  an  agreed-upon  base  of  data.  I am  inclined  to  toss  in  here  from 
jargon  from  my  own  trade.  In  my  own  trade  some  people  have  come  to  make  a 
distinction  between  what  they  call  the  hermeneutics  of  suspicion  and  the 
hermeneutics  of  trust.  All  they  are  talking  about  is  that  you  can  take  a 
basically  suspicious  attitude  and  interpret  your  data  from  a standpoint  of 
fundamental  suspicion,  interpret  the  testimony  of  other  people  from  the 
standpoint  of  fundamental  suspicion,  interpret  the  documents  of  other  people 
from  a standpoint  of  fundamental  suspicion;  or  you  can  do  the  obverse  side 
of  that  and  engage  in  the  hermeneutics  of  trust — namely,  basically,  having  a 
trusting  relationship  to  data,  text,  and  interpretation. 

Now,  I would  draw  an  inference  from  what  I have  heard  in  the  last 
hours,  several  hours  in  this  place,  namely  that  one  of  the  biggest  dif- 
ferences between  persons  in  this  room  is  whether  they  are  fundamentally 
suspicious  or  fundamentally  trusting,  not  only  of  the  sciences,  but  of  the 
public  in  the  capacities  that  the  public  and  different  people  would  bracket 
off  in  different  ways  on  this.  Now,  when  we  come  to  those  kinds  of  dif- 
ferences among  us,  I find  it  very  difficult  to  think  that  we  are  going  to 
come  to  rational  procedures  by  which  we  are  going  to  overcome  those  dif- 
ferences. Presumably  data  and  arguments  would  help  us  to  modify  those 
positions,  but  it  seems  to  me  at  that  point  we  are  dealing  with  some 
fundamental  affectives,  responses  that  we  have  gotten  wherever  they  have 
come  from,  towards  the  problems  that  are  at  hand,  and  they  are  going  to 
color  the  way  in  which  we  interpret  our  data,  the  way  in  which  we  par- 
ticipate in  these  discussions.  Those  kinds  of  disagreements  are  moral 
disagreements.  They  are  moral  disagreements  at  a level  at  which  it  is  very 
difficult  to  overcome  them,  and  I think  it  is  a matter  of  learning  to  live 
with  them,  to  take  them  into  account,  and  to  attend  to  them  as  deliberately 
as  possible,  hopefully  sometimes  in  circumstances  in  which  there  is  less 
pressure  than  there  is  in  terms  of  the  time  we  have  to  deal  with. 

I think  another  kind  of  basic  division  that  I will  draw  sharply  first 
of  all,  and  then  try  to  indicate  how  I think  it  is  a hard  one  for  us  to  live 
with.  One  kind  of  basic  division  that  we  have  between  us  in  this  kind  of 
testimony  is  people  who  believe  fundamentally  that  it  is  a primary  function 
of  the  state  to  protect  persons  in  those  persons'  own  best  interest,  and 
therefore  a tendency  towards  a paternalistic  view  of  the  state.  We  have  at 
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the  other  extreme  people  who  believe  in  the  minimal ist ic , the  fundamentally 
libertarian  view  of  the  state.  I am  not  arguing  that  people  come  to  these 
positions  in  some  rational  way  and  then  think  out  everything  from  some 
dogmatic  ideological  position,  but  I am  suggesting  that  tendencies  towards 
those  directions  show  up  in  what  we  say,  particularly,  even  in  terms  of 
small,  incremental  decisions  we  want  to  make,  whether  we  are  dealing  with 
regulations,  or  with  guidelines — whether  the  regulations  that  we  are 
dealing  with  ought  to  be  X or  Y or  Z. 

Now,  I think  that  what  makes  it  difficult  for  most  of  us  is  that  we 
obviously  do  not  want  to  be  put  into  the  corner  of  being  totally  in  favor  of 
a paternalistic  state  that  intervenes  at  all  times,  even  against  people's 
consent,  for  what  is  presumably  their  best  self-interest.  On  the  other 
hand,  we  are  not  totally  satisfied  with  a society  without  regulation  of 
dangers  which  are  present  to  people.  And  it  is  because  we  cannot,  and  for 
good  reason,  cannot  come  out  with  some  kind  of  unambiguous  position  in  terms 
of  the  polarity  of  a big  ideological  issue,  that  we  have  to  deal  with  the 
messiness  of  guidelines  and  regulations  as  we  have  them,  and  so  forth. 

Now,  in  terras  of  specific  responses  to  the  Guidelines,  and  I shall 
indicate  only  one  or  two  here,  I want  to  myself  enforce  what  I think  is  the 
importance  of  getting  the  best  possible  information  about  risks  and  benefits. 
It  is  a mistake  for  us  to  get  information  about  risks  if  we  don't  get  infor- 
mation about  benefits.  I am  basically  in  favor  of  freeing  up  on  things  that 
apparently  are  quite  risk-free.  I am  certainly  in  favor  of  the  exemption 
clause  and  various  things  like  that,  but  those  details  I will  put  in  writing. 

DR.  FREDRICKSON:  Thank  you,  Dr.  Gustafson. 

We  are  really  very  grateful  to  the  members  of  the  Committee,  and  indeed 
to  all  of  you  who  have  attended  this  session.  Your  patience  and  your  partici- 
pation has  been  extraordinary. 

I should  say  that  Mr.  Hutt's  suggestion  about  further  publication  of 
some  of  the  background  data,  particularly  the  Falmouth  Conference,  is  certain- 
ly something  we  will  take  into  serious  consideration,  because  I do  think  it  is 
very  important  that  there  not  be  any  mistake  about  the  nature  of  those  data — 
that  in  my  view  they  represent  not  so  much  new  data,  but  published  data  which 
were  viewed  for  the  first  time  by  people  with  expertise  in  infectious  disease. 
I think  it  is  extremely  important  that  that  be  available  for  the  view  and  the 
observation  of  all  people.  This  is,  in  my  view,  a period  when  there  has  been 
some  movement  in  the  data  base  relative  to  the  problems  that  we  have  been 
debating  about.  How  much  and  how  far  that  has  moved  has,  of  course,  been  very 
much  a subject  of  these  two  days'  discussion. 

I would  request  that  all  of  you  furnish  us  with  any  further  comments 
you  might  have  within  the  next  30  days,  a deadline  at  least  for  matters  of 
comment  on  procedure  and  perhaps  on  philosophical  issues.  I think  that  for 
scientific  data  or  evidence,  there  can  never  be  any  deadline  or  any  limit. 
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We  have  been  enriched  and  informed.  I think  that  not  much  more  can 
be  said  now.  We  need  to  reflect  before  any  further  comment,  and  I hope 
that  we  can  reflect  with  the  hermeneutics  of  neutrality,  as  far  as  I 
am  concerned. 

I am  going  to — next  week,  I think — take  off  for  the  Alps  and  put  on  a 
pair  of  skis,  and  engage  in  an  exercise  in  which  the  risks  are  not  hypo- 
thetical but  real.  I think  the  process  is  much  better  established,  the 
benefits  are  somewhat  easier  to  assess,  but  then,  as  in  the  last  two  days, 

I will  know  that  I have  been  at  very  high  altitudes. 

I want  to  extend  my  deepest  appreciation  to  all  of  you  for  your 
participation. 

Before  closing,  I would  like  to  acknowledge  the  presence  throughout 
these  two  days  of  Dr.  Charles  Weiner,  the  MIT  Archivist,  who  has  been  taking 
complete  television  tape  coverage  of  this  meeting,  and  he  has  done  it  very 
unobtrusively.  I think  we  owe  you  a debt  of  gratitude. 

I would  like  now  to  bring  this  meeting  to  a close,  and  this  Committee 
stands  adjourned. 

Thank  you. 

(Thereupon,  at  4:40  p.m.,  the  meeting  was  adjourned.) 
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DEPARTMENT  OF  HEALTH,  EDUCATION.  AND  WELFARE 

PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OF  HEALTH 
BETHESDA.  MARYLAND  20014 

April  12,  1978 


To  RAC  Members  (See  Attached  list) 


Dear 

As  you  know,  the  proposed  revisions  to  the  NIH  Guidelines  on 
Recombinant  DNA  Research  developed  by  your  Committee  were  reviewed 
at  a public  meeting  of  the  Advisory  Committee  to  the  Director,  NIH, 
on  December  15-16,  1577.  Proposed  revisions  were  published  in  the 
Recombinant  DNA  Technical  Bulletin  in  September  1977  and,  for 
public  comment,  in  tne  Federal  Register  on  September  27,  1977. 

Much  of  the  correspondence  I received  before  the  meeting  spoke  to 
your  Committee's  proposed  revisions  for  the  definition  and  list  of 
non-novel  exchangers  and  the  recommended  containment  levels  for 
permissible  experiments  where  viruses  and  plant  pathogens  would  be 
used . 

At  the  public  hearing  in  December,  there  was  general  support  for  the 
recommendations  of  your  Committee.  Flexibility  to  allow  risk  assess- 
ment experiments  appears  to  be  supported  especially.  Further,  it  was 
generally  agreed  that  experiments  at  the  Pl/ERl  level  should  be 
exempted  from  the  Guidelines. 

On  the  basis  of  the  correspondence  received  before  the  hearing  and 
testimony  at  the  hearing,  a "Joint  U.S./EMBO  Workshop  to  Assess  Risks 
for  Recombinant  DNA  Experiments  Involving  the  Genomes  of  Animal, 

Plant  and  Insect  Viruses"  was  convened  on  January  26-28,  1978. 

The  report  of  the  Workshop  was  reviewed  by  a Working  Group  sponsored 
by  NIH  on  April  6-7,  1978.  Recommendations  have  been  referred 
to  you  for  your  consideration  at  the  forthcoming  meeting. 

Further,  a meeting  of  agricultural  scientists  was  convened  March  20- 
21,  1978,  under  the  joint  sponsorship  of  the  Department  of  Agriculture, 
the  National  Science  Foundation,  and  the  National  Institutes  of 
Health.  Their  recommendations  are  also  before  you  for  consideration. 

Over  the  past  three  months  an  analysis  has  been  completed  of  all 
comments  voiced  at  the  public  hearing  in  December  and  in  correspond- 
ence received  before  and  after  that  hearing.  I have  met  regularly 
with  your  chairman  and  other  members  of  our  staff  to  consider 
these  comments. 

On  the  basis  of  our  analysis,  a number  of  revisions  are  suggested  which 
I ask  you  to  review  at  your  next  meeting.  I would  very  much  appreciate 
your  judgment  on  the  possible  revisions  proposed  in  the  enclosed 
document . 
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I am  much  indebted  to  you  for  the  enormous  effort  you  have  devoted  to 
fulfilling  a difficult  task  with  such  integrity.  Your  work  has 
been  exemplary  for  all  of  us  in  the  scientific  community.  I am 
also  indebted  for  your  continued  and  invaluable  contributions  to 
this  important  area  of  science. 


Cordially 


Donald  S.  Fredrickson,  M.D. 
Director 


Enclosures 
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Edward  A.  Adel  berg,  Ph.D. 

Department  of  Human  Genetics 

School  of  Medicine 

Yale  University 

New  Haven,  Connecticut  06510 


Allan  M.  Campbell,  Ph.D. 
Department  of  Biology 
Stanford  University 
Stanford,  California  94305 


Peter  R.  Day,  Ph.D. 

Chief,  Division  of  Genetics 
Connecticut  Agricultural 
Experiment  Station 
New  Haven,  Connecticut  06504 


John  W.  Littlefield,  M.E. 

Professor  and  Chairman 

Department  cf  Pediatrics 

Children's  Medical  and  Surgical  Center 

Johns  Hopkins  Hospital 

Baltimore,  Maryland  21204 
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Wallace  P.  Howe,  M.D. 

Chief,  Laboratory  of  Viral  Diseases 
National  Institute  of  Allergy 
and  Infectious  Diseases 
NIH  Bldg.  7,  Rooir,  304 
Bethesda , Maryland  20014 


Jane  K.  Setlow,  Ph.D. 

Brookhaven  National  Laboratory 
Upton,  Long  Island,  New  York  11973 


John  Spizizen,  Ph.D. 
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Scripps  Clinic  and  Research 
Foundation 

La  Jolla,  California  92037 


Susan  K.  Gottesman,  Ph.D. 
Laboratory,  of  Molecular  Biology 
National  Cancer  Institute 
NIH  Bldg.  37,  Room  4B10 
Bethesda,  Maryland  20014 


Donald  R.  Helinski,  Ph.D. 

Department  of  Biology 

University  of  California.  San  Diego 

La  Jolla,  California  92037 


Richard  B.  Homick,  M.D. 
Professor  and  Director 
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School  of  Medicine 
University  of  Maryland 
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Director 

Center  for  Bioethics 
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SELECTED  ISSUES  FOR  COMMITTEE  REVIEW 


I.  Introduction:  Definition  and  Exemptions 

The  definition  and  exemption  for  "non-novel"  exchangers  evoked 
much  public  comment  in  which  a number  of  recommendations  were  made. 

For  example,  it  was  urged  that  the  definition  be  expanded  to  include 
segments  of  chemically  synthesized  DNA.  Much  of  the  comment 
concerning  the  exclusion  for  non-novel  exchangers  pertained 
to  the  proposed  standards  and  procedures  for  developing  a list. 

The  public  views  concerning  the  definition  and  exemption  included: 

• that  safety  rather  than  novelty  should  be  the  criterion  for 
exclusion ; 

• that  the  criteria  for  determining  novelty  were  not  explicit; 

• that  the  list  of  non-novel  exchangers  should  not  be  limited  to 
the  exchange  of  chromosomal  DNA  but  should  also  include  plasmid 
exchange  (others,  however,  urged  that  the  list  not  be  broadly 
drawn  at  the  species  level  but  should  deal  with  exchange  at 
the  subspecies  level); 

• that  experiments  classified  as  PI  + EKl  should  be  exempted 
from  the  Guidelines; 

• that  the  proposed  revised  definition  would  appear  not  to  permit 
"self-cloning"  experiments. 

Recommendations  on  the  process  for  developing  a list  included: 

• that  the  burden  of  proof  be  on  the  Director  to  compile  a list  of 
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• that  the  procedures  and  criteria  used  in  the  development 
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of  the  list  be  explained  thoroughly  and  that  adequate  oppor- 
tunity be  given  for  public  review  and  comment; 

• that  all  data  pertaining  to  the  inclusion  of  each  entry  on  the 
list  be  available  for  public  review. 

ISSUES  FOR  THE  COMMITTEE'S  CONSIDERATION 

The  extensive  public  comment  on  this  section  included  recommenda- 
tions that  there  be  a general  applicability,  exemption,  and  definition 
section.  Accordingly,  I am  suggesting  that  such  a section  be  included 
in  Part  I,  the  Introduction.  Further,  I propose  that  the  section  on 
prohibited  experiments  be  transferred  from  Part  III  to  Part  I.  Thus, 
Part  I would  establish  the  jurisdiction  of  the  Guidelines,  their 
applicability,  and  the  experiments  that  are  prohibited  and  exempt. 

The  following  suggestions  also  arise  from  my  review: 

• In  your  Committee's  proposed  revision,  the  purpose  of  the  Guide- 
lines is  to  "establish  procedures  for  handling  organisms  and 
viruses  containing  recombinant  DNA  molecules."  In  the  current 
Guidelines  the  purpose  speaks  to  "research  with  recombinant 

DNA  molecules."  It  was  noted  in  our  review  that  your  recommenda- 
tion might  inadvertently  have  the  effect  of  removing  from  the 
list  of  prohibited  experiments  those  in  which  recombinant  DNA 
molecules  were  created  from  the  DNA  of  certain  pathogens  even 
though  this  DNA  was  not  contained  witnin  an  organism.  Because 
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there  was  strong  public  support  for  retaining  the  prohibition, 
would  you  object  if  the  section  were  to  specify  procedures  for 
constructing  and  handling  (a)  recombinant  DNA  molecules  and  (b) 
organisms  and  viruses  containing  recombinant  DNA  molecules? 

Thus,  in  the  exemption  section,  most  recombinant  DNA  molecules 
outside  of  organisms  and  viruses  that  are  not  covered  under 
the  prohibited  experiments  would  be  exempt  from  the  Guidelines. 

o In  light  of  the  comments  on  the  definition,  I am  considering 
one  that  would  not  include  the  phrases  "the  capacity  to  infect" 
and  "natural  physiologic  processes."  A substitute  definition 
would  speak  to  "molecules  that  have  been  constructed  outside 
living  cells  by  joining  natural  or  synthetic  DNA  segments 
to  DNA  molecules  that  can  replicate  or  be  integrated  into 
the  genome  of  a living  cell."  I would  appreciate  your  views 
on  this  suggestion,  including  the  addition  of  "synthetic 
DNA  segments"  to  the  definition. 

• In  light  of  the  comments  on  the  criteria  and  procedures  for 
a listing  of  non-novel  exchangers,  new  language  has  been 
drafted  for  experiments  to  be  exempted  jfrora  the  Guidelines. 

A copy  of  a letter  with  the  NIH  draft  on  exemptions  that  I sent 
to  Dr.  Spizizen  and  his  Working  Group  is  enclosed  for  your 
reviev/.  Please  note  that  no  prohibited  experiments  may  be 
exempt.  To  emphasize  the  importance  of  this  concept,  prohibited 
experiments  would  be  transposed  from  Section  III  to  Section  I 
and  would  appear  before  the  exempted  experiments.  I would 
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appreciate  your  comments  on  this  draft  and  the  transposition 
of  prohibited  experiments  to  this  section.  In  light  of  these 
modifications,  your  Committee's  revisions  speaking  to  "novelty" 
in  the  prohibitions  would  be  deleted. 

• It  was  suggested  by  EMBO  that  the  list  of  pathogenic  organisms 
under  the  Prohibitions,  especially  those  in  Class  5,  may  not  be 
appropriate  for  all  European  countries  and  that  such  classifi- 
cation should  be  the  responsibility  of  national  or  regional 
authorities.  Would  the  Committee  object  to  a footnote  here 
stating  that  the  prohibition  on  etiologic  agents  relates  to 
research  in  the  United  States? 

• In  response  to  commentators'  suggestions,  a statement  of  general 
applicability,  as  noted  above,  would  be  included  in  this  section. 
On  the  basis  of  extensive  public  comment  (discussed  more  fully 

in  the  following  section  on  Roles  and  Responsibilities),  it  is 
suggested  that  all  institutions  receiving  any  NIH  funding  for 
recombinant  DNA  research  shall  comply  with  the  NIH  Guidelines. 

I would  appreciate  the  Committee's  views  on  this  recommendation. 

II . Containment 
A.  Physical  Containment 

There  were  a large  number  of  public  comments  urging  greater 
detail  in  the  safety  practices  and  procedures.  Several  commentators 
advised  that  Appendix  D be  retained  and  expanded  rather  than  deleted. 

I fully  agree  with  these  suggestions.  Accordingly,  Dr.  W.  Emmett 
Barkley  has  convened  a committee  that  is  currently  restructuring 
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Appendix  D as  a safety  manual  for  local  institutions  where  recombinant 
DNA  research  is  taking  place.  Additionally,  in  view  of  the  large 
number  of  recommendations  for  training  courses  in  safety,  the  NIH 
has  awarded  a contract  to  the  American  Society  for  Microbiology 
to  review  and  possibly  develop  standards  for  training  in  microbio- 
logical techniques  for  recombinant  DNA  research. 

ISSUES  FOR  THE  COMMITTEE'S  CONSIDERATION 

Several  commentators  pointed  out  that  the  proposed  revised 
Guidelines  do  not  require  an  autoclave  in  the  P3  laboratory  itself, 
but  only  within  the  building.  The  current  Guidelines  provide  for  an 
autoclave  "within  the  building,  and  preferably  within  the  controlled 
laboratory  area."  In  light  of  the  concerns  expressed,  would  the 
Committee  object  to  retaining  the  language  in  the  current  Guidelines? 

B . Biological  Containment 

There  were  a number  of  comments  on  the  development  of  alternate 
host-vector  systems,  the  certification  process,  and  distribution 
of  certified  host-vectors.  Specific  suggestions  were  also  received 
regarding  each  of  the  HV  systems.  On  the  basis  of  those  comments, 

I recommend  that  the  Committee  consider  the  following: 

ISSUES  FOR  THE  COMMITTEE'S  CONSIDERATION 

• Concerning  the  HV1  system,  objections  were  made  to  a requirement 
that  the  host  should  have  "a  low  potential  for  survival  in  its 
natural  environment."  Many  of  the  host  cells  that  investigators 
may  wish  to  use  have  no  natural  environment  other  than  the 
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the  laboratory.  Would  the  Committee  object  to  the  criteria 
being  modified  and  the  language  amended  to  read  as  follows. 

"low  potential  for  survival  outside  the  laboratory"? 

• It  was  urged  that  the  requirement  for  independent  confirmation 
of  relevant  phenotypic  and  genotypic  traits  for  certification 
at  the  HV3  level  should  also  be  applied  at  the  HV2  level.  In 
light  of  this  suggestion,  the  question  arises  why  the  confirma- 
tion is  required  at  the  HV3  level.  Is  this  done  to  ensure 

the  credibility  of  the  investigator's  results  or  to  determine 
the  range  of  safety?  It  has  been  pointed  out  that  the  working 
groups  reporting  to  your  Committee  who  review  the  data  are, 
in  effect,  conducting  an  independent  check  for  the  HV2  level. 

If  so,  this  check  would  seem  to  be  sufficient,  and  indeed, 
a requirement  for  an  independent  check  at  either  the  second 
or  third  levels  would  be  unnecessary.  I would  appreciate 
your  views  on  this  subject. 

• There  have  been  a number  of  suggestions  that  NIH  provide 
a means  to  accept  requests  from  the  private  sector  to  (a) 
interpret  the  Guidelines,  (b)  certify  new  host-vector  systems, 
and  (c)  provide  for  exemptions  from  the  Guidelines.  Your 
comments  on  the  NIH  providing  such  services  would  be  much 
appreciated.  I would  be  especially  interested  in  your  views 

on  the  Committee  functions  for  certification  of  new  host-vector 
systems  where  proprietary  or  patent  information  might  be 
involved.  Would  the  Committee  be  willing  to  accept  such  a 
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responsibility?  It  might  be  noted  in  the  Guidelines  that  before 
review  by  the  Recombinant  Advisory  committee,  developers  of  new 
host-vector  systems  should  consider  filing  for  patent  protection 
so  that  the  RAC  would  be  free  to  disclose  information. 

Ill . Experimental  Guidelines 

A.  Prohibited  Experiments 

For  reasons  cited  previously,  the  section  on  Prohibited  Experi- 
ments has  been  transposed  to  Part  I.  Please  see  the  discussion  above. 

B . E.  Coli  K-12  Host-Vector  Systems 

A number  of  commentators  asked  that  t-he  rationale  for  the  classifi- 
cation of  permissible  experiments  be  clearly  explained.  Some  pointed 
out  that  the  classification  appeared  arbitrary,  depending  on  judgment 
rather  than  demonstrable  fact.  It  was  further  suggested  that  revisions 
have  not  brought  us  closer  to  establishing  absolute  hazard  levels. 

There  were  also  a number  of  specific  comments  here  and  in  later 
sections  on  the  containment  requirements  set  for  DNA  viruses  and  DNA 
transcripts  of  retroviruses.  On  the  basis  of  extensive  scientific 
comment  before  and  during  the  public  hearing,  a special  U.S./EMBO 
Workshop  and  subsequent  U.S.  Working  Group  were  convened  to  review 
this  research  area.  On  the  basis  of  that  meeting,  recommendations 
have  been  made  for  provisions  that  are  before  you  for  action. 

A number  of  recommendations  were  also  received  from  the  agricul- 
tural community  urging  further  review  and  revision  of  the  Guidelines 
for  work  with  plant  pathogens.  As  a result,  another  workshop  was 
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convened,  and  recoraraendat ions  from  that  group  are  also  before  you. 

In  addition  to  these  general  recommendat ions , other  specific  issues 
follow  for  your  review: 

• Section  (g),  "cloning  of  viral  genomes  from  eukaryotic  cell 
DNA"  (F.R.  49601),  does  not  give  guidance  on  containment 
categories  for  "shotgun"  experiments  attempting  to  clone  nucleo- 
tide sequences  of  integrated  DNA  viruses.  At  present  this  section 
only  refers  to  endogenous  retrovirus  genomes.  It  is  not  clear 
from  the  Guidelines  what  the  Committee  suggests  as  containment 
levels  for  shotgun  experiments  attempting  to  clone  integrated 
polyoma  or  SV40  sequences.  I would  appreciate  your  comments. 

• It  was  urged  by  several  commentators  that  the  CDC  classification 
for  Class  2 organisms  be  revised  so  that  it  does  not  include 
harmless  types  of  bacteria.  What  are  the  Committee's  views  on 
providing  in  the  Guidelines  that  the  Director  of  HIH,  on 
recommendation  of  your  Committee,  may  designate  certain  of  the 
agents  in  CDC's  Class  2 as  Class  1 agents  for  purposes  of  the 
Guidelines? 

• A commentator  urged  that  the  cloning  into  E^  col i K-12  of 
"shotguns"  of  all  nonpathogenic  bacteria  be  placed  at  the 

P2  ♦ EK1  or  Pi  ♦ EK2  level  without  extensive  characterization 
( Federal  Register , page  49602,  first  column).  What  are  the 
Committee's  views  on  this  recommendation  which  would  eliminate 
the  need  for  characterization  and  approval  by  the  RAC? 

• It  was  noted  that  experiments  involving  many  prokaryotes  that 
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exchange  genetic  information  with  coli  are  classified  under 
the  present  Guidelines  at  the  Pi  + EKl  level.  Under  the  pro- 
posed revisions  this  category  would  be  eliminated  because 
presumably  they  would  go  on  the  exempted  list.  If  there  is  a 
delay  in  creating  exemptions,  however,  the  investigator  would 
be  forced  to  use  the  higher  containment  level  in  the  proposed 
revisions  (under  the  category  of  prokaryotes  that  do  not 
exchange  genetic  information  with  E . coli) . What  are  the 
Committee's  views  on  placing  in  this  section  a statement  to  the 
effect  that  any  experiments  with  prokaryotic  DNA  recombinants 
that  do  exchange  genetic  information  with  E_^  coli  may  be 
conducted  under  the  containment  levels  of  the  1976  Guidelines 
unless  anu  until  they  appear  on  the  exempted  list? 

• Since  synthetic  DNA  will  now  be  explicitly  included  in  the 
Guidelines,  language  must  be  added  concerning  the  proper 
containment  levels.  What  are  the  views  of  the  Committee  on  the 
following  proposed  language? 

"Synthetic  DNAs 

"If  the  synthetic  DNA  segment  carr  or  might  yield  a potenti- 
ally harmful  polynucleotide  or  polypetide  (e.g.,  a toxin  or  a 
pharmacologically  disruptive  agent),  the  containment  conditions 
should  be  the  same  as  would  be  used  for  propagating  the  natural 
DNA  counterpart . 

"If  the  synthetic  DNA  sequence  codes  for  a harmless  prod- 
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uct,  it  may  be  propagated  at  the  same  containment  level  as  its 
purified  natural  DNA  counterpart.  For  example,  a synthetic  DNA 
segment,  to  be  propagated  in  E_.  col i K-12,  which  corresponds  to 
a nonharraful  gene  of  birds,  would  require  P2  physical  containment 
plus  and  an  EK1  host-vector,  or  PI  ♦ EK2  . 

"If  the  synthetic  DNA  segment  is  not  expressed  as  a poly- 
nucleotide or  polypeptide  product,  or  the  products  have  no  natural 
counterparts,  the  organisms  containing  the  recombinant  DNA  mole- 
cules are  exempt  from  the  Guidelines." 

• The  1976  Guidelines  and  your  proposed  revised  Guidelines  in  the 
section  on  "Fungal  or  Similar  Lower  Eukaryotic  Host-Vector 
Systems"  give  little  detail,  "since  the  development  of  these 
host-vectors  is  presently  in  the  speculative  stage."  The  recent 
development  of  a Saccharomvces  cerevis iae  system  makes  this 
obsolete  and  suggests  that  this  section  be  expanded.  What  is 
the  Committee's  view  on  the  following  proposed  language? 

"Fungal  or  Similar  Lower  Eukaryotic  Host-Vector  Systems 

"The  containment  criteria  for  DNA  recombinant  experiments 
using  these  host-vectors  most  closely  resemble  those  for  pro- 
karyotes, rather  than  those  for  the  preceding  eukaryotes,  since 
the  host  cells  usually  exhibit  a capacity  for  dissemination 
outside  the  laboratory  that  is  similar  to  that  for  bacteria. 
Therefore,  the  procedures  established  for  certification  of  HV 
systems  other  than  E.  coli  K-12  (Section  II-D-2)  will  also 
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apply  to  these  fungal  or  similar  lower  eukaryotic  host-vector 
systems . 

"Once  approved  by  NIH,  HV1  systems  may  be  used  under  P2 
containment  for  shotgun  experiments  with  phages,  plasmids,  and 
DNA  from  nonpathogeni c prokaryotes  and  lower  eukaryotes  that 
do  not  produce  polypeptide  toxins  (i.e.,  organisms  that  can 
be  cloned  into  EK1  hosts  under  P2  conditions).  Should  HV2 
or  HV3  systems  of  this  type  be  developed  and  approved  by  NIH, 
guidelines  for  their  use  in  other  types  of  recombinant  DNA 
experiments  will  also  be  established." 

IV . Roles  and  Responsibilities 

There  was  a great  deal  of  comment  directed  to  the  relevant  roles 
and  responsibilities  of  the  institutions  and  NIH  as  outlined  in  this 
section.  Several  commentators  requested  more  information  and  greater 
clarification  of  the  structure  and  operation  of  the  institutional  bio- 
hazards committees  (to  be  called  "institutional  biosafety  committees'1 
in  the  revision),  the  function  of  the  biological  safety  officer,  and 
the  duties  of  the  institution.  Many  other  comments  were  devoted  to 
the  membership  and  functions  of  the  RAC  and  the  responsibilities  of 
the  Director,  NIH,  under  the  proposed  revisions.  In  light  of  these 
comments  and  my  review  of  the  administration  of  the  Guidelines  over  the 
past -two  years,  I would  like  the  Committee  to  consider  the  following 
suggestions : 

• that  the  contents  of  Part  IV  be  subsumed  under  three  general 
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headings — namely,  Institution,  NIH,  and  Complii»'ce — with 
responsibilities  listed  under  appropriate  subheadings; 

• that  application  of  the  Guidelines  extend  to  all  recombinant  DNA 
research  done  at  institutions  that  receive  NIH  funding  for 
recombinant  DNA  research; 

• that  all  recombinant  DNA  research  at  NIH-funded  institutions, 
irrespective  of  the  projects’  source  of  funds,  be  reviewed  and 
approved  by  the  Institutional  Biosafety  Committee  (IBC); 

• that  the  authority  be  delegated  from  NIH  to  the  IBC  for  an 
independent  assessment  of  the  safety  standards  applied,  and  that 
Committee  approval  be  sufficient  for  the  research  to  proceed; 

• that  all  research  protocols  reviewed  and  approved  by  the  IBC  be 
registered  with  ORDA-NIH  and  that  ORDA  would  review  all  actions 
to  ensure  compliance  with  the  NIH  Guidelines  (except  for 
projects  under  the  aegis  of  other  Federal  agencies); 

• that  the  institution  assume  responsibility  for  modifying  the 
research  protocol  as  recommended  by  NIH  when  NIH  has  found 
it  in  violation  of  the  Guidelines. 

In  sura,  all  recombinant  DNA  research  in  institutions  receiving 
NIH  funding  shall  be  reviewed  and  approved  by  the  local  IBC  and 
registered  at  NIH  or  other  funding  Federal  agency.  Authority 
for  approval  has  been  delegated  to  the  local  biosafety  committee. 

Appr  »vals  are  subject  to  subsequent  NIH  review  to  ensure  compliance 
wi’  the  NIH  Guidelines,  but  investigators  will  not  need  approval 
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from  NIH  to  commence.  By  this  means,  national  standards  will  govern, 
with  local  responsibility  for  oversight  and  monitoring.  I would 
appreciate  your  views  on  this  extension  of  the  application  of  the 
Guidelines  with  delegation  of  authority  to  the  local  IBCs  and  appropri- 
ate NIH  oversight.  As  noted  previously,  Appendix  D has  been  substan- 
tially revised  to  provide  far  greater  guidance  to  the  local  institution 
on  the  evaluation  and  certification  for  safe  practices  and  procedures. 

The  following,  for  your  consideration,  summarizes  a number  of 
other  specific  issues  that  were  raised: 

Institutional  Biosafety  Committees 

• It  has  been  suggested  that  institutional  biohazards  committees 
be  named  "institutional  biosafety  committees." 

• As  noted  above,  the  responsibility  of  the  IBC  would  be  changed 
to  mandate  an  independent  evaluation  of  the  containment  levels 
for  the  research  as  required  by  the  Guidelines.  (In  my  1976 
Decision  on  the  Guidelines,  I stated  that  NIH  should  not  require 
the  local  institutions  to  have  their  committees  perform  this 
function,  although  I did  not  prohibit  them  from  doing  so.) 

• It  has  been  suggested  that  public  membership  on  the  IBC  be 
mandated . 

I would  welcome  the  Committee's  views  on  this  recommendation. 
Biological  Safety  Officer 

• There  were  a number  of  questions  concerning  the  roles  and 
responsibilities  of  the  biological  safety  officer.  It 


[514] 


14 


has  been  suggested  that  the  officer  should  cover  all  levels 
of  recombinant  DNA  research.  What  are  the  Committee's  views 
on  recommending  that  some  person  or  persons  be  collectively 
responsible  for  biosafety  monitoring  of  recombinant  DNA  research 
at  the  Pi  through  P3  levels  and  that  a special  officer  be 
designated  with  certain  responsibilities  at  the  P4  level? 

• It  has  also  been  recommended  that  the  biological  safety  officer 
be  a member  of  an  IBC.  What  are  the  Committee's  views  on  this 
recommendation? 

Compliance 

• It  has  been  suggested  that  a section  on  penalties  be  included 
in  Part  IV.  Would  the  Committee  object  to  a compliance  section 
that  would  state  that  violation  of  the  NIH  Guidelines  may 
result  in  suspension,  limitation,  or  termination  of  NIH  grants 
or  contracts? 

• It  has  been  suggested  that  information  constituting  registration 
of  a project  with  NIH  be  included  in  Part  IV.  Would  the  Com- 
mittee object  to  a registration  section  that  would  specify 

the  basic  requirements? 

• As  noted  previously  in  the  section  or.  Biological  Containment, 
there  were  many  requests  for  NIH  to  permit  voluntary 
registration  and  certification  by  institutions  in  the  private 
sector.  Would  the  Committee  object  to  such  a provision? 

• There  were  a number  of  suggestions  that  general  policy  be 
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included  on  the  protection  of  proprietary  information  and 
patent  rights.  As  you  know,  it  is  a recent  NIH  decision  that 
recombinant  DNA  research  inventions  developed  under  DHEW  sup- 
port may  be  patented  by  institutions,  subject  to  the  condition 
that  licensees  will  abide  by  the  safety  standards  of  the  NIH 
Guidelines.  Would  the  Committee  object  to  a provision  on 
disclosure  of  information  that  would  set  general  policy  guide- 
lines in  regard  to  patents? 
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DEPARTMENT  OF  HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OF  HEALTH 

RECOMBINANT  DNA  MOLECULE  PROGRAM  ADVISORY  COMMITTEE 

MINUTES  OF  MEETING 1 

APRIL  27-28,  1978 


The  Recombinant  DNA  Molecule  Program  Advisory  Committee  (RAC)  was  convened 
for  its  eleventh  meeting  at  9 a.m.  on  April  27,  1978,  in  Conference  Room  10, 
Building  31C,  National  Institutes  of  Health,  9000  Rockville  Pike,  Bethesda, 
Maryland.  Dr.  Dewitt  Stetten,  Jr.,  (Chairman)  Deputy  Director  for  Science 
presided.  In  accordance  with  Public  Law  92-463  the  meeting  was  open  to 
the  public. 


Committee  members  present  were; 

Drs.  Edward  A.  Adelberg;  Allan  M.  Campbell;  Peter  R.  Day;  Susan  K.  Gottesman; 
Donald  R.  Helinski;  Richard  B.  Homick;  Elizabeth  M.  Kutter;  Elrmette  S. 

Red ford;  Wallace  P.  Rowe;  Jane  K.  Setlow;  John  Spizizen;  LeRoy  Walters; 

Milton  Zaitlin;  and  William  J.  Gartland,  Jr.,  Executive  Secretary. 

A Committee  roster  is  attached.  (Attachment  I) 


The  following  ad  hoc  consultants  to  the  Conmittee  were  present; 

Dr.  Stanley  Falkow,  University  of  Washington. 

Dr.  Harold  Ginsberg,  Columbia  College  of  Physicians  and  Surgeons,  on 
sabbatical  at  Rockefeller  University. 


Other  National  Institutes  of  Health  staff  present  were: 

Dr.  Stanley  Barban,  NLAID;  Dr.  EJnmett  Barkley,  NCI;  Dr.  Fred  Bergmann, 
NICMS;  Mr.  George  Boden,  OD;  Mrs.  Betty  Butler,  NIO-1S;  Dr.  Philip  Chen,  OD; 
Dr.  Irving  Delappe,  NLAID;  Mr.  TOm  Flavin,  OD;  Dr.  Donald  Fredrickson, 
Director;  Dr.  Michael  Goldberg,  NIGMS;  Mrs.  Florence  Hassell,  OD;  Mr.  Joe 
Hernandez,  OD;  Dr.  John  Irwin,  DRS;  Dr.  Daphne  Kamely,  NIQ-1S;  Dr.  Ruth 
Kirschstein,  NIG-1S;  Dr.  Malcolm  Martin,  NIAID;  Dr.  John  Norvell,  NIGMS; 

Dr.  John  Nutter,  NIAID; ^ Dr.  Joseph  Perpich,  OD;  Dr.  Bernard  Talbot,  OD; 

Dr.  Rudolf  Wanner,  DRS. 

1 

The  RAC  is  advisory  to  the  NIH , and  its  reoorrmendations  should 
not  be  considered  as  final  and  accepted.  The  Office  of  Reccmbinant 
DNA  Activities  (ORDA)  should  be  consulted  for  NIH  policy  on  specific 
issues. 
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The  following  liaison  representatives  were  present: 

Dr.  George  Duda,  Department  of  Energy;  Dr.  Richard  Hedrich,  National 
Endowment  for  the  Humanities;  Dr.  Herman  Lewis,  National  Science 
Foundation;  Dr.  Daniel  Weiss,  National  Academy  of  Sciences. 


Others  in  attendance  for  all  or  part  of  the  meeting  were: 

Dr.  Giorgio  Bemardi,  National  Research  Center,  Paris;  Dr.  John  Baxter, 
University  of  California,  San  Francisco;  Dr.  Naum  Bers,  Rockville,  Maryland; 

Dr.  Paul  Burnett,  Eli  Lilly  Research  Laboratories;  Mr.  Rick  Curtin, 

JRB  Associates;  Dr.  T.  A.  Fraser,  Upjohn  Research  Laboratories;  Dr.  Denise 
Friello,  GE  Research  and  Development;  Ms.  Edith  Godette,  OSHA;  Mr.  Sandy 
Grimwade,  Nature;  Mr.  Robert  M.  Hering,  The  Blue  Sheet;  Dr.  George  E. 

Holmes,  Howard  University;  Dr.  Paul  Hung,  Abbott  Laboratories;  Dr.  Marilyn 
Hutchinson,  NIOSH;  Dr.  R.  P.  Kahn,  APHIS,  USDA;  Dr.  P.  J.  Laipis,  University 
of  Florida;  Dr.  Louis  LaMotte,  Jr.,  Center  for  Disease  Control;  Dr.  Paul 
Lovette,  University  of  Maryland;  Ms.  Kathy  Majerus,  OSHA;  Dr.  James  McCullough, 
Library  of  Congress;  Mr.  Richard  Riseberg,  Office  of  the  General  Counsel,  HEW; 
Dr.  Waclaw  Szybalski,  University  of  Wisconsin;  Mr.  G.  Tenenbaum,  Brandeis 
University;  Dr.  Charles  Weiner,  Massachusetts  Institute  of  Technology; 

Dr.  Susan  Wright,  Ann  Arbor,  Michigan;  Dr.  R.  S.  Young,  NASA. 


I.  CALL  TO  ORDER  AND  OPENING  REMARKS 


Dr.  Stetten  called  the  meeting  to  order  at  9 a.m.,  April  27.  He 
introduced  Dr.  Donald  Fredrickson,  Director,  NIH.  Dr.  Fredrickson 
summarized  the  activities  at  NIH  since  the  current  version  of  the  Guidelines 
for  Recombinant  ENA  Research  was  issued  in  June  1976.  He  stated  that  he 
was  convinced  that  through  the  process  used  to  release  the  Guidelines 
and  publication  of  the  Environmental  Impact  Statement  the  public  had  con- 
siderable input  into  the  development  of  standards  for  reccmbinant  DNA 
research.  He  also  stated  that  specialists  in  a variety  of  disciplines 
had  carefully  scrutinized  the  premises  on  which  the  Guidelines  were 
based . 

Dr.  Fredrickson  went  on  to  list  the  conclusions  that  had  been  drawn 
concerning  recombinant  DNA  research.  There  is  no  evidence  to  date  that 
manipulations  of  reccmbinant  DNA  molecules  yield  any  harmful  products. 
Additionally,  there  is  no  evidence,  since  the  publication  of  the  Guidelines 
in  1976,  to  indicate  that  the  probability  of  harm  is  likely.  The  results 
of  the  Falmouth  conference  on  Risk  Assessment  of  Reccmbinant  DNA  Exper- 
imentation with  Escherichia  coli  K-12  [Executive  Secretary's  Note:  See 

journal  of  Infectious  Diseases  137,  609-714  [1978)]  indicate  that  EL  coli 
K-12  cannot  be  converted  to  an  epidemic  pathogen.  Scientists  attending 
the  U.S.  - EMBO  Workshop  to  Assess  Risks  for  Reccmbinant  DNA  Experiments 
Involving  the  Genomes  of  Animal,  Plant,  and  Insect  Viruses  (Federal 
Register,  43,  13748  ( 1978 ) ) concluded  that  viral  gencmes  or  fragments 
thereof  cloned  in  E.  coli  K-12  using  approved  plasmid  or  phage  vectors 
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pose  no  more  risk  than  work  with  the  infectious  virus  or  its  nucleic 
acid  and  in  most,  if  not  all,  cases  clearly  present  less  risk. 

Similar  conclusions  have  been  reached  by  agricultural  scientists, 
meeting  under  the  auspices  of  the  USCA,  NSF,  and  NIH,  who  concluded 
that  current  containment  levels  for  the  cloning  of  DNA  from  plant  pathogens 
in  E.  coli  K-12  are  too  high.  Dr.  Fredrickson  stated  that,  although  it 
was  not  possible  to  reduce  the  risk  to  zero,  the  burden  of  proof  should 
now  shift  to  the  opponents  of  the  research.  Dr.  Fredrickson  then  summarized 
the  recent  steps  taken  by  the  NIH.  At  the  meeting  of  the  Director's 
Advisory  Comm t tee  in  December  1977,  there  was  universal  sentiment  for 
the  exemption  of  certain  experiments  from  prohibition  on  the  basis  of  a 
need  for  risk  assessment . There  was  also  agreement  on  the  need  for 
exemptions  for  most  self-cloning  experiments,  and  for  experiments  involving 
organists  that  are  known  to  exchange  genetic  material. 

Dr.  Fredrickson  noted  that  Guidelines  in  other  countries  placed  fewer 
restrictions  on  scientists.  The  current  Guidelines  are  too  complex  and  must 
be  revised  on  the  basis  of  new  evidence  prior  to  their  possible  promulgation 
as  regulations.  He  then  briefly  described  the  procedures  associated  with 
release  of  a revised  version  of  the  Guidelines.  This  will  include  publication 
of  the  proposed  revised  Guidelines  together  with  an  Environmental  Impact 
Assessment  and  a decision  document  explaining  the  rationale  for  the 
revisions.  The  public  would  have  a period  of  time  to  comment  on  the 
proposed  revised  Guidelines.  A final  version  would  then  be  published. 

Dr.  Fredrickson  noted  that  members  of  the  CAC  and  public  commentators 
had  suggested  further  revisions  of  the  Guidelines.  The  RAC  at  this  meeting 
must  take  these  suggestions  into  consideration  and  make  further  recom- 
mendations. Among  the  issues  that  need  to  be  addressed  are  a revised 
definition  of  recombinant  DNA,  changes  in  the  scope  of  the  Guidelines, 
a list  of  exempted  exchangers,  alterations  in  the  roles  and  responsibilities 
of  the  investigator,  institution  and  NIH,  and  the  changes  in  the  containment 
guidelines  for  covered  experiments  particularly  those  involving  viruses 
and  plant  pathogens.  Dr.  Fredrickson  continued  by  describing  in  further  detail 
the  scope  of  some  of  the  changes.  He  noted  that  in  the  proposed  revision 
the  list  of  prohibited  experiments  would  precede  any  list  of  exemptions. 

There  was  no  need  at  the  mcment  to  remove  any  prohibitions.  The  following 
five  classes  of  exemptions  are  proposed:  recombinant  DMAs  not  in  organists 

or  viruses,  recombinant  DNAs  from  a single  non-chramoscmal  source,  recombinant 
DMAs  from  a host  when  propagated  in  that  host,  recombinant  ENAs  from  species 
that  exchange  DNA  by  physiological  processes,  and  recombinant  DNAs  that  do 
not  present  a significant  risk  to  health  or  the  environment.  In  response 
to  a question  from  Dr.  Hel inski  of  the  RAC,  Dr.  Fredrickson  stated  that 
the  definition  of  exchanging  species  could  include  both  chromosomal  and 
plasnid  exchangers  as  long  as  standards  were  set.  He  also  pointed  out 
that  the  definition  of  recombinant  DNA  did  not  represent  a change  from  a 
previous  draft,  but  now  included  the  concepts  of  exemptions  and  synthetic 
DNA. 
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Dr.  Red  ford  asked  whether  adequate  public  notice  has  been  given  for  the 
proposed  revisions  of  the  virus  and  plant  sections  of  the  Guidelines. 

Dr.  Fredrickson  noted  that  a report  of  the  U.S.  - EMBO  meeting  had  been 
published  in  the  Federal  Register.  Ihe  proceedings  of  the  Falmouth 
meeting  will  be  published  in  the  Journal  of  Infectious  Diseases.  In 
addition,  the  Minutes  of  this  meeting  will  also  be  printed  and  made 
available  to  the  public.  Dr.  Fredrickson  indicated  that  in  its  review 
the  RAC  may  recommend  alterations  of  specific  sections  in  the  Guidelines. 

Dr.  Fredrickson  described  other  changes  in  the  roles  and  responsibilities 
section  of  the  Guidelines.  The  revised  Guidelines  would  extend  to  all 
reccmb inant  DNA  research  at  institutions  receiving  NIH  funds  for  recombinant 
DMA  research.  He  indicated  that  more  responsibility  for  compliance  and 
monitoring  would  be  delegated  to  the  local  level.  All  Chairmen  of  IBC's 
will  be  invited  to  attend  an  NIH-sponsored  briefing  at  which  these  new 
responsibilities  would  be  explained.  The  shift  in  the  locus  of  responsibility 
would  include  the  following  conditions:  an  explicit  single  set  of  standards 

for  the  conduct  of  the  research,  necessary  competence  within  the  IBCs , a 
clear  understanding  that  sanctions  would  be  imposed  for  non-compliance, 
post-hoc  review  of  all  IBC  actions  by  ORDA,  and  mandated  public  participation 
on  the  IBCs.  Dr.  Fredrickson  also  stated  that  there  would  be  a compliance 
section  with  penalties  for  violation  of  the  Guidelines  that  could  extend  to 
cessation  of  all  grant  support. 

Dr.  Fredrickson  then  discussed  the  need  to  permit  voluntary  registration 
of  non-NIH  recombinant  DNA  projects,  particularly  in  the  absence  of 
legislation.  He  asked  the  RAC  to  consider  the  question  and  decide  upon 
their  willingness  to  review  industrial  projects.  He  noted  that  they 
must  keep  in  mind  penalties  for  the  unauthorized  release  of  proprietary 
information.  Dr.  Kutter  asked  about  IBC  responsibilities  in  the  event 
of  non- compliance,  particularly  where  there  were  repeated  violations. 

Dr.  Fredrickson  replied  that  these  situations  will  have  to  be  considered 
on  a case-by-case  basis.  Dr.  Red  ford  asked  how  it  would  be  possible  to 
check  on  the  activities  of  IBCs.  Dr.  Fredrickson  indicated  that  there 
will  be  no  NIH  inspection  force  and  that  legislation,  if  passed,  would 
give  such  responsibility  to  another  agency.  NIH  will  monitor  membership 
of  IBCs  and  aid  in  self- regulation.  A related  issue  was  raised  by 
Dr.  Susan  Wright  who  expressed  concern  that  the  shift  of  approval  authority 
to  the  IBC  was  a major  change  in  the  review  procedure.  She  asked  whether 
there  would  be  a further  public  hearing  on  this  proposal.  Dr.  Fredrickson 
replied  that  a public  hearing  was  under  consideration  (note  added  after 
meeting:  a public  meeting  under  the  auspices  of  the  Secretary  will  be 

held  September  15,  1978).  In  response  to  a question  about  interagency 
cooperation.  Dr.  Fredrickson  replied  that  these  changes  only  applied  to 
NIH,  but  he  hoped  that  other  agencies  would  accept  them  as  well. 

At  the  conclusion  of  the  discussion  Dr.  Fredrickson  noted  that  this 
would  be  Dr.  Stetten's  last  meeting  as  Chairman  of  the  RAC,  and  compli- 
mented him  for  his  service  in  that  capacity  since  the  first  meeting  of 
the  RAC  in  February  1975. 
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II.  SUMMARY  OF  RECOMMENDATIONS  FOR  CHANGES  IN  THE  PROPOSED  REVISED 

GUIDELINES  - SELECTED  ISSUES  FOR  CONHITTTEE  REVIEW 

Attached  to  the  Minutes  (Attachment  II)  is  a document  entitled  "Selected 
Issues  for  Oommittee  Review"  that  was  sent  to  RAC  members.  A number 
of  questions  were  addressed  to  the  RAC.  For  the  purpose  of  the  Minutes 
Attachment  II  has  been  annotated  in  the  margin  to  indicate  questions,i.e., 
A,  B,  C/  etc. 

A.  The  RAC  unanimously  accepted  this  suggestion  that  the 
definition  of  recombinant  DMA  (and  therefore  the  scope  of 
the  Guidelines)  cover  recombinant  ENA  molecules  whether 
inside  or  outside  of  organisms.  The  "prohibitions"  and 
"exemptions"  sections  to  follow  will  then  make  recombinant 
DNA  molecules  outside  of  organises  or  viruses  either 
prohibited  (for  example,  derived  from  Class  3,  4,  or  5 
organisms  as  defined  in  the  CDC  "Classification  of  Etiologic 
Agents  on  the  Basis  of  Hazard")  or  exempt  from  the  Guidelines 
( see  below) . 

B.  The  RAC  accepted  the  suggestion  that  the  definition  of 
recombinant  DNA  not  include  the  items  "capacity  to  infect" 

or  "natural  physiological  processes."  The  proposed  substitute 
definition  in  Attachment  II  was  accepted,  except  that  the 
RAC  wanted  the  words  "or  be  integrated  into  the  genome 
of"  to  be  deleted.  Their  suggested  definition  would 
thus  speak  to  "molecules  that  have  been  constructed  outside 
living  cells  by  joining  natural  or  synthetic  DNA  segments 
to  DNA  molecules  that  can  replicate  in  a living  cell." 

C.  The  RAC  concurred  with  the  concept  of  moving  the  pro- 
hibited experiments  before  the  exempted  experiments  so 

that  the  exemptions  would  not  apply  to  experiments  previously 
described  as  being  prohibited.  The  Committee  then  entered 
into  a lengthy  and  detailed  discussion  of  the  five  classes 
of  exempted  experiments  (see  Attachment  III  for  proposed 
list  of  exemptions) . 

Class  i; 

The  RAC  adopted  exemption  (i),  but  then  voted  (10  in  favor, 

2 opposed)  to  delete  all  material  from  exemption  (i)  which 
appeared  in  parentheses  and  move  it  instead  to  Appendix  D of 
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the  proposed  revised  Guidelines.  Dr.  Stetten  expressed  the 
reasoning  for  this  as  that  one  should  not  exempt  something  from 
guidelines  and  then  immediately  turn  around  and  give  guidance. 
This  matter  was  brought  up  again  later,  with  the  suggestion 
that  only  part  of  this  parenthesis  be  deleted  but 
that  there  be  retained  the  part  which  says  "(However  these 
should  be  inactivated  prior  to  disposal) This  motion  was 
defeated  7 votes  to  6. 

A motion  then  passed  unanimously  to  add  at  the  end  of  exemption 
(i),  "(See  Appendix  D) ." 

Class  ii: 

The  RAC  unanimously  adopted  exemption  (ii)  of  Attachment  II. 
Class  iii: 

The  RAC  adopted  exemption  (iii),  but  then  rewrote  it  as  follows: 

"iii.  Those  that  are  derived  frcm  plasmids  or 

viruses  indigenous  to  a bacterial  host  (or 
found  in  nature  in  that  host)  where  the 
recombinant  DNA  molecules  prepared  from  those 
plasmids  or  viruses  and  host  genane  are  pro- 
pagated within  the  host  (or  a closely  related 
member  of  the  same  species) ." 

Following  this,  a motion  to  strike  the  word  "bacterial"  in 
iii  was  defeated  8 votes  to  5. 

On  the  next  day,  a second  part  was  added  to  exemption  iii 
(modified  slightly  after  the  RAC  meeting  by  Drs.  Zaitlin  and 
Talbot  for  clarity) -namely,  "or  derived  entirely  frcm  the 
organelles  (e.g.,  chloroplasts  or  mitochondria)  of  an  organism 
where  the  recombinant  DNA  molecules  prepared  from  the  organelles 
are  propagated  within  that  organism  (or  a closely  related  member 
of  the  same  species) ." 

Class  iv: 

The  RAC  adopted  exemption  (iv)  with  the  word  "chromosomal" 
deleted. 

On  the  first  day  of  the  meeting,  Dr.  Falkow  presented  to 
the  RAC  a series  of  possible  lists  of  organisms  which 
could  be  recommended  by  the  RAC  to  form  the  initial 
list  of  "species  that  exchange  DNA"  as  discussed  in 
exemption  iv.  Three  different  lists  were  discussed  in 
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detail.  Votes  were  taken  on  acceptance  of  the  lists 
or  of  the  principles  used  to  construct  the  lists. 

When  Dr.  Falkow  presented  his  lists  on  the  first  day 
of  the  meeting,  adoption  of  his  Table  4 (similar  to 
Attachment  rv-A) , was  rec amended  unanimously  by  the 
RAC  as  a list  for  exemption  iv.  The  principles  used 
in  creating  Dr.  Falkow' s Table  3 (which  is  the  same 
principle  used  to  construct  Attachment  IV-B) , was 
reccrmended  by  the  RAC  (by  a vote  of  9 to  3)  as  basis 
for  the  exemption  iv  list.  A motion  to  accept 
Dr.  Falkow' s Table  1 with  specified  modifications 
(which  is  very  similar  to  Attachment  IV-C),  as  the 
exemption  iv  list,  passed  by  a vote  7 to  5. 

There  was  an  opinion  expressed  by  a member  of  the  RAC 
that  pathogens  such  as  Neisseria  gonorrhoeae  should 
not  be  on  the  list.  However,  Dr.  Adelberg  reminded 
the  RAC  the  concept  had  been  introduced  in  the  proposed 
revised  Guidelines  of  excluding  from  the  Guidelines 
non-novel  recombinant  DNA  whether  or  not  CDC  Class  2 
pathogens  were  involved.  A motion  that  criteria  of 
genetic  exchange  be  applied  in  developing  the  list 
for  exemption  iv  and  that  pathogenicity  (i.e.,  CDC 
Class  1 vs.  Class  2)  not  be  considered  relevant  in 
this  context  (recognizing  that  use  of  Class  3,  4,  and 
5 CDC  agents  is  prohibited)  passed  unanimously. 

On  the  second  day,  Crs . Hel inski  and  Spizizen  presented 
revised  lists  based  on  the  same  concepts  as  the  three 
Falkow  lists,  but  embodying  some  changes  in  the  lists 
themselves,  and  the  RAC  made  further  slight  amendments. 

The  three  final  alternate  lists  are  attached  as  Attachments 
IV-A,  IV-B,  and  IV-C.  With  each  of  the  alternate  lists, 
any  organisms  appearing  on  the  list  are  to  be  considered 
"exchangers"  and  therefore  any  recombinant  DNA  molecules 
composed  entirely  of  DMA  segments  coming  from  any  members 
of  the  list,  to  be  propagated  in  any  member  of  the  list, 
would  be  exempted  under  exemption  iv.  (One  exception 
to  this  is  in  Table  IV-C  where  H.  influenzae  and  H. 
para influenzae  form  a two-membered  list  separate  from 
the  main  19-membered  list.) 

Given  at  the  top  of  each  list  is  a description  of  the 
criteria  used  to  construct  the  list.  Thus  the  Attachment 
IV-A  list  is  composed  of  "organisms  of  the  Enterobacteriaecae 
family  which  exhibit  chromosomal  DNA  relatedness  (20%  or  more 
homology  of  CNA  of  various  pairs  tested)  and  genetic  recom- 
bination of  R-prime  (R  plaatid  carrying  chromosomal  genes) 
transfer  to  E.  coli  K-12  mediated  by  the  IncP-1  plasmids." 

The  larger  Attachment  IV-B  list  includes  all  the  members 
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of  the  Attachment  IV-A  list  but  adds  additional  members.  All 
the  members  of  the  list  "exhibit  R-prime  (R  plasmid  carrying 
chrcmoscmal  genes)  transfer  to  E.  coli  K-12  mediated  by  the 
IncP-1  plasmids."  The  larger  Attachment  IV-C  list  contains 
all  the  members  of  the  Attachment  IV-B  list  but  adds  additional 
members.  All  members  of  the  list  "possess  R plasmids  (including 
R plasmids  of  the  IncP-1  group)  transferable  to  E.  coli  K-12." 

Dr.  Falkow's  handout  included  tables  of  data  and  a list  of 
references.  Drs.  Helinski  and  Spizizen  premised  to  send  to 
ORDA  a list  of  published  references  supporting  all  the  entries 
on  the  list  in  Attachments  IV-A,  IV-B,  and  IV-C. 

Class  v; 

The  RAC  adopted  exemption  (v). 

In  considering  items  to  be  put  under  exemption  v on  the  first 
day  of  the  meeting,  it  was  suggested  that  cloning  of  Saccharomyces 
cerevisiae  DNA  in  E.  coli  K-12  be  a specific  case.  Ibis  was  not 
adopted . 

On  the  second  day  of  the  meeting,  a motion  passed  unanimously 
that  "self-cloning"  of  Saccharomyces  cerevisiae  be  a specific 
case  of  exemption  from  the  Guidelines  under  exemption  v. 

A composite  text  indicating  all  these  changes  is  attached  to 
the  Minutes  as  Attachment  V. 

D.  Dr.  Talbot  explained  that  the  suggestion  was  being  withdrawn 
and  the  RAC  concurred  ( i .e . , there  will  be  no  footnote  to  Pro- 
hibition (i)  stating  that  the  prohibition  of  etiologic  agents 
relates  only  to  research  in  the  U.S.). 

E.  There  was  general  agreement  by  the  RAC  with  this  concept  that 
institutions  receiving  NIH  funding  for  reccmbinant  ENA  research 
shall  ccmply  with  the  NIH  Guidelines  for  all  their  recombinant  DNA 
research  independent  of  the  source  of  funding.  It  was  discussed 
whether  this  should  be  extended  even  further  to  all  institutions 
that  receive  any  NIH  (or  perhaps  any  HEW)  funds,  i.e.,  not  only 
those  that  receive  NIH  funds  for  reccmbinant  ENA  research.  A 
motion  was  accepted  in  principle  that  all  institutions  receiving 
NIH  funds  for  recombinant  DNA  research  shall  perform  all  their 
recombinant  DNA  research,  independent  of  the  source  of  funding, 

in  accordance  with  the  standards  of  the  NIH  Guidelines.  This 
motion  distinguishes  between  following  the  standards  of  the 
Guidelines  which  would  be  required,  and  following  all  the  admin- 
istrative procedures  of  the  Guidelines  (MUAs  reviewed  by  ORDA, 
etc.)  which  might  not  be  required. 
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F.  The  RAC  endorsed  retention  in  the  Guidelines  of  the  specification 
in  the  description  of  a P3  laooratory  or  an  autoclave  "within  the 
building,  and  preferably  within  the  controlled  laboratory  area." 

G.  This  issue  proposes  alternative  wording  of  the  second  sentence 
of  the  definition  of  HVl.  The  definition  of  HVl  was  discussed 
a number  of  times  on  both  days  of  the  RAC  meeting;  discussion 
of  specific  cases  requesting  interpretation  of  the  1976 
Guidelines  in  regard  to  using  hosts  other  than  EL  coli  K-12 
led  the  RAC  also  to  consider  how  these  specific  cases  would 

be  treated  in  the  proposed  revised  Guidelines,  i.e.,  would 
they  meet  the  definition  of  HVl? 

The  RAC,  rather  than  rewording  the  second  sentence  of  the 
definition  of  HVl  as  proposed  in  Question  G of  Attachment  II, 
preferred  instead  to  delete  this  sentence.  The  definition 
would  thus  read:  "a.  HVl.  A host-vector  system  which  provides 

a moderate  level  of  containment." 

Other  rewording  (to  change  seme  of  the  language  just  preceding 
the  definition  of  HVl,  where  biological  containment  in  general 
is  discussed)  was  proposed  but  not  adopted  by  the  RAC. 

Throughout  the  discussion  it  became  apparent  that  some  host-vector 
systems  might  not  meet  the  criteria  for  HVl  but  still  might  be 
considered  by  the  RAC  as  safe  systems  provided  they  are  used 
under  specified  containment  levels.  The  proposed  revised  Guide- 
lines do  not  discuss  this  possibility.  Therefore,  there  was 
strong  endorsement  for  inserting  into  the  Guidelines  language 
which  would  permit  this  and  other  flexibility,  i.e.,  a general 
flexibility  clause. 

H.  The  RAC,  by  a vote  of  11  to  1,  rejected  the  suggestion  in 
Attachment  II  of  deleting  the  requirement  for  HV3  that  "the 
relevant  genotypic  and  phenotypic  traits  of  such  HV3  systems 
have  been  independently  confirmed,"  i.e.,  the  RAC  wishes  to 
retain  this  requirement. 

I.  The  RAC  expressed  willingness  to  review  requests  from  the  private 
sector  (e.g.,  for  interpretations  and  exceptions  frem  the  Guide- 
lines and  certification  of  new  host-vector  systems).  Some  members 
did  not  really  wish  to  be  involved  with  proprietary  data  but 
agreed  reluctantly.  Dr.  Stetten  felt  that  NIH  should  undertake 

to  review  EK2  host-vector  systems  only  if  they  would  be  made 
freely  available  to  other  investigators;  if  a system  is  truly 
safer,  then  not  sharing  it  with  others  is  wrong.  Other  committee 
members  agreed. 
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A motion  passed  unanimously  that  the  RAC  expressed  its  willingness 
to  review  proposals  from  private  industry  and  provide  the  necessary 
confidentiality,  provided  that  the  sutmitter  agreed  to  abide  by 
the  standards  of  the  NIH  Guidelines. 

J.  This  item  was  covered  during  the  discussion  of  viruses  (see  below). 

K.  The  RAC  accepted  the  recommendation  that  the  Guidelines  provide 
that  the  Director,  NIH,  on  the  recommendation  of  the  RAC,  may 
designate  certain  of  the  agents  listed  as  Class  2 (in  the  CDC's 
Classification  of  Etiologic  Agents  on  the  Basis  of  Hazard)  to 
be  considered  as  Class  1 agents  for  the  purposes  of  these 
Guidelines. 

L.  The  RAC  accepted  these  recommendations  and  made  added  suggestions. 

s The  Section  on  "Prokaryotic  DNA  Recombinants"  (i.e..  Section 

hi.  III-B-I-a  (2)  of  the  proposed  revised  Guidelines)  should  read: 

" (2)  Prokaryotic  DNA  Recombinants 

(a)  Prokaryotes  that  exchange  genetic  information 
with  E.  coll.  It  is  expected  that  prokaryotes 
that  exchange  genetic  information  with  EL  ooli 
will  be  exempted  from  these  Guidelines  by  appearing 
on  the  'list  of  exchangers'  (see  exemption  iv) . 

For  those  not  on  the  list,  the  containment 
levels  are  Pi  physical  containment  + an  EKl 
host-vector.  In  fact,  experiments  in  this 
category  can  be  performed  with  EL  coli  K-12 
vectors  exhibiting  a lesser  containment 
(e.g.,  conjugative  plasmids)  than  EKl  vectors. 

However,  for  prokaryotes  that  are  classified 
as  Class  2 (footnote)  in  reference  5,  the 
containment  levels  are  P2  + EKl. 

(b)  Prokaryotes  that  do  not  exchange  genetic  infor- 
mation with  E.  coli.  P2  physical  containment  + 
an  EKl  host-vector  or  Pi  + EK2  except  for  ENA 
from  CDC  Class  2 (reference  5)  agents  (footnote) 
which  require  P3  + EK2." 

N.  The  RAC  accepted  the  addition  to  the  Guidelines  of  a Section 

dealing  with  synthetic  DNA.  The  proposed  language  in  Attachment 
II  was  accepted  with  seme  modifications.  This  Section  vould 
read: 


"Synthetic  DNAs 

"If  tnd  synthetic  ENA  segment  can  or  might  yield  a potentially 
harmful  polynucleotide  or  polypeptide  (e.g.,  a toxin  or  a 
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pharmacologically  active  agent),  the  containment  conditions 
should  be  the  same  as  would  be  used  for  propagating  the  natural 
DNA  counterpart. 

"If  the  synthetic  DNA  sequence  codes  for  a harmless  product, 
it  may  be  propagated  at  the  same  contairment  level  as  its  purified 
natural  DNA  counterpart.  FOr  example,  a synthetic  DNA  segment, 
to  be  propagated  in  E.  coli  K-12,  which  corresponds  to  a non- 
harmful gene  of  birds,  would  require  P2  physical  containment 
plus  an  EKl  host-vector,  or  Pi  + EK2. 

"If  the  synthetic  DNA  segment  is  not  expressed  in  vivo  as  a 
polynucleotide  or  polypeptide  product,  the  organisms  containing 
the  recombinant  DNA  molecules  are  exempt  from  the  Guidelines." 

O.  The  RAC  accepted  the  expansion  of  the  section  on  "Fiingal  or  Similar 
Lower  Eukaryotic  Host-Vector  Systems."  The  proposed  language  in 
Attachment  II  was  accepted  with  one  modification.  This  section, 
including  minor  suggestions  for  clarity  added  by  Dr.  Gottesman 
after  the  RAC  meeting,  would  then  read: 

"Fungal  or  Similar  Lower  Eukaryotic  Host-Vector  Systems 

"The  containment  criteria  for  DNA  recombinant  experiments  using 
these  host-vectors  most  closely  resemble  those  for  prokaryotes, 
rather  than  those  for  the  preceding  eukaryotes,  since  the  host 
cells  usually  exhibit  a capacity  for  dissemination  outside  the 
laboratory  that  is  similar  to  that  for  bacteria.  Therefore,  the 
procedures  established  for  certification  of  HV  systems  other 
than  E.  coli  K-12  (Section  II-D-2)  will  also  apply  to  these 
fungal  or  similar  lower  eukaryotic  host-vector  systems. 

"Cnee  approved  by  NIH,  HVl  systems  may  be  used  under  P2  contain- 
ment for  shotgun  experiments  with  phages,  plasmids,  and  DNA 
from  prokaryotes  other  than  CDC  Class  2 agents  (footnote),  and 
lower  eukaryotes  that  do  not  produce  polypeptide  toxins.  Other 
classes  of  reccmoinant  DNA  experiments  with  these  HVl  systems 
will  require  prior  approval  and  classification  by  NIH.  Should 
HV2  or  HV3  systems  of  this  type  be  developed  and  approved  by  NIH, 
guidelines  for  their  use  in  other  types  of  recombinant  DNA 
experiments  will  also  be  established." 

P.  These  concepts  were  accepted  by  the  RAC,  i.e.,  IBC  review  and 

& compliance  with  the  standards  of  the  Guidelines  would  be  required 

Q.  for  all  recombinant  DNA  research  at  institutions  that  received 
any  NIH  funds  for  reccmbinant  DNA  research  (except,  of  course, 

for  research  covered  by  one  of  the  exemptions  from  the  Guidelines). 
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R.  This  item  (research  can  begin  upon  IBC  approval  without  ORDA  prior 
approval)  was  discussed  extensively  and  accepted  by  the  RAC 
since  it  would  mean  less  unwarranted  delay.  Among  the  questions 
that  were  raised  was  a concern  about  the  number  of  MUAs  approved 
by  iBCs  that  were  later  disapproved  by  ORDA.  Dr.  Kamely  noted 
that  some  of  these  were  situations  not  explicitly  covered  by  the 
Guidelines  and  thus  required  interpretation,  other  issues  included 
the  possibility  of  research  being  initiated  that  was  not  in  com- 
pliance, the  inability  of  NIH  to  stop  funding  until  the  laboratory 
was  actually  shown  to  be  in  non-ccmpl iance , and  the  fact  that  not 
all  IBCs  would  have  the  same  attitude  toward  self-regulation.  One 
RAC  member  did  note  that  approval  of  human  subject  experimentation 
was  handled  effectively  at  the  local  level  and  would  set  a good 
precedent . 

S.  These  items  (i.e.,  OREA  post- review  of  ongoing  projects 

& and  the  responsibility  of  the  IBC  to  modify  a research  protocol 

T.  when  OREA  finds  it  is  in  nonccmpl iance  with  the  Guidelines)  were 
endorsed  by  the  RAC.  ORDA  prereview  would  still  be  expected  on 
new  grant  applications. 

U.  These  items  (i.e.,  change  of  name  to  institutional  bio- 

Sc  safety  committee  and  their  mandate  to  make  an  independent 

V.  evaluation  of  the  containment  levels  required  by  the  Guidelines) 
were  endorsed  by  the  RAC. 

W.  This  item  (i.e.,  that  public  membership  on  the  IBC  be  mandated) 
was  discussed  extensively.  Dr.  Bedford  suggested  that  there 
be  at  least  two  public  members.  Dr.  Kutter  suggested  at  least 
one  laboratory  technician.  Other  RAC  members  objected  strongly 
to  NIH  telling  institutions  who  should  be  on  their  ccmmittees. 

Dr.  Adelberg  felt  it  was  not  an  issue  on  which  this  scientific 
committee  should  be  giving  advice.  Amotion  by  Ear.  Bedford  that 
it  be  suggested  (not  mandated)  that  institutions  give  consider- 
ation to  appointing  one  or  more  public  members  and  one  or  more 
laboratory  technicians  to  their  IBC  passed  with  7 in  favor  and 

5 opposed. 

X.  The  RAC  rejected  the  suggestion  in  Attachment  II  that  "seme 
person  or  persons  be  collectively  responsible  for  biosafety 
monitoring  of  recanbinant  ENA  research  at  the  Pi  through  P3 
levels  and  that  a special  biological  safety  officer  be  desig- 
nated with  certain  responsibilities  at  the  P4  level."  They 
preferred  the  language  in  the  proposed  revised  Guidelines  that 
"each  institution  in  which  recombinant  DNA  research  at  a P3  or 
P4  containment  level  is  being  conducted  shall  designate  a 
biological  safety  officer." 
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Y.  The  RAC  accepted  this  suggestion  that  the  biological  safety 
officer  be  a member  of  the  IBC. 

Z.  The  RAC  accepted  this  suggestion  (that  a section  on  penalties 
be  included  and  that  it  be  stated  that  violation  of  the  NIH 
Guidelines  may  result  in  suspension,  limitation,  or  termination 
of  NIH  grants  or  contracts).  Dc . Red  ford  preferred  that  it 
state  that  the  suspension,  limitation,  or  termination  would  be 
for  NIH  recombinant  DNA  research  grants  or  contracts,  i.e., 
not  to  include  totally  extraneous  grants  or  contracts. 

AA.  The  RAC  accepted  this  suggestion  of  including  a registration 
section. 


BB.  The  RAC  accepted  this  suggestion  to  permit  voluntary  "registration 
and  certification  by  institutions  in  the  private  sector."  The 
concept  was  reiterated  that  if  NIH  is  performing  a service  for 
industry,  we  should  expect  in  return  their  agreement  to  follow 
the  standards  of  the  Guidelines. 

CC.  The  RAC  accepted  the  inclusion  in  the  Guidelines  of  "a  provision 
on  disclosure  of  information  that  would  set  general  policy  guide- 
lines in  regard  to  patents." 


III.  EK2  HOST-VECTOR  SYSTEMS 
A.  Plaanid  Systems 

Dr.  Alelberg  summarised  the  deliberations  of  the  plasmid  Working 
Group  which  had  met  on  April  26. 


1.  .,2282 


The  RAC  voted  unanimously  to  recommend  approved  of  x2282  for 
use  as  an  EK2  host  in  place  of  \1116  for  the  cloning  of  the 
mouse  dihydro  folate  reductase  gene,  provided  that  an  approved 
EK2  vector  is  used. 


The  Committee  noted  that  Dr.  Cohen  has  submitted  data  showing 
that  the  thyA+character  has  not  decreased  the  sensitivity 
of  x2282  to  DAP  deprivation  or  to  bile  salts.  The  thyA+ 
character  should  not  alter  the  ability  of  x2282  to  meet 
criteria  for  transmissibility,  since  the  transmission  tests 
that  are  required  are  done  in  the  presence  of  thymidine. 
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2.  v1776  (pSCIQl)  and v 1776  (pCRl) 

At  its  June  1977  meeting,  the  RAC  adopted  explicit  criteria 
for  host-plasmid  systems  proposed  for  EK2  certification. 

At  its  October-Nov ember  1977  meeting,  the  RAC  passed  a motion 
that  the  systems  £776  (pSClOl)  and  £776  (pCRl) , which  were 
certified  prior  to  these  criteria,  should  be  rereviewed  by 
the  plasnid  Working  Group.  Additional  data  on  these  systems, 
along  with  x!776  (pMB9)  as  a control,  were  submitted  by 
Dr.  Roy  Curtiss.  The  Working  Group  concluded  that  the  data 
show  that x 1776  (pCRl)  is  definitely  inferior  with  regard 
to  transmissibility,  and  recommended  that  this  system  should 
not  be  allowed  for  any  new  cloning  since  superior  plasmids 
are  available.  However,  the  Working  Group  recommended  that 
existing  clones  need  not  be  destroyed  because  £776  (pCRl) 
is  safer  than  required  by  the  Guidelines  for  an  EK2  system. 
The  RAC  voted  unanimously  to  accept  this  recommendation. 

The  decision  concerning  pSClOl  (and  also  pMB9)  will  be 
deferred  until  the  Committee  can  obtain  the  following 
data: 


Mobilizing  Vector 


EK2  System 


R549  drdl 
Rl  drdl9 
R64  drdll 


pMB9 

pSClOl 

pBR322 


Ihe  Working  Group  is  requesting  that  additional  data  be 
obtained  because  new  data  from  Roy  Curtiss  show  one  plasmid 
which  mobilizes  pMB9  at  a higher  rate  than  previously 
seen,  and  another  plasmid  which  does  the  same  for  pSClOl. 

Ihe  Working  Group  wants  to  see  these  experiments  repeated, 
with  controls,  before  it  reconsiders  its  policy  on  acceptable 
limits  (which  is  based  on  the  best  performance  available) , 
and/or  on  the  status  of  pMB9  and  pSClOl.  Dr.  Nutter  was  asked 
to  assign  this  testing  to  Dr.  Clowes.  Ihe  RAC  accepted  these 
recommendations . 

3.  y!776  (POP2Q3-3) 

The  RAC  voted  unanimously  to  accept  the  recommendations  of 
the  plasmid  Working  Group  to  request  r-^  x r2  data  from 
Dr.  Giorno  before  acting  on  his  request  that  pOP203-3  with 
x1776  be  certified  as  an  EK2  host-vector  system.  F-lac 
should  be  used  as  one  of  the  mobilizing  plasmids. 

Ihe  Working  Group  noted  that  the  insertion  of  a 203-base 
pair  segment  of  the  lac  gene  may  confer  homology  with  a 
mobilizing  plasmid  (and  must  do  so  in  the  case  of  F-lac) , 
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and  therefore  may  affect  tranarussibility.  data  are 

not  sufficient,  according  to  the  "Instructions  to  Investigators". 

4 . Modification  of  Existing  EK2  Plasmids  to  Permit  EK3  Testing 

The  plasnid  Working  Group  has  learned  that  efforts  to  accomplish 
modification  of  existing  EK2  plasmids  to  permit  EK3  testing 
are  underway  in  the  laboratories  of  Drs.  Hel inski,  Curtiss, 
and  Vapnek.  It  is  unlikely  that  any  will  be  ready  until 
late  next  fall. 

5.  TheOu- Anderson  manuscript:  Cr . Adelberg  noted  that  the 

claim  by  CXi  and  Anderson  to  have  demonstrated  F~  x F" 
recombination  (including  xlllb  x E”)  has  been  challenged 

by  Dr.  Norton  Zinder  (personal  communication),  who  has  obtained 
evidence  that  one  of  their  "F  " strains  carries  an  unexpressed 
conjugal  plasmid.  The  Working  Group  will  defer  action  on 
testing  criteria  for  xl776  x E~  recombination  until  it 
has  had  confirmation  of  the  phe ncme non  frcm  Drs . Falkow, 

Curtiss  and  Low,  who  are  independently  experimenting  with 
other  F~  strains.  They  will  look  for  transfer  of  a non- 
con  jugal  plasnid  as  well  as  chromosomal  marker  recombination, 
as  a more  sensitive  test. 

B.  Phage  Systems 

The  report  on  phage  systems  was  presented  by  Drs.  Campbell  and 

Gottesnan . 

1.  In  vitro  Packaging 

The  RAC  at  its  October- Nov  ember  1977  meeting  had  approved 
an  _in  vitro  packaging  system  for  use  with  certified  EK2  lambda 
systems.  The  Oonnuttee  had  specified  criteria,  including  UV 
irradiation,  that  must  be  satisfied  for  each  packaging  extract. 

Dr.  Gottesman  discussed  the  requirements  for  in  vitro  packaging 
systems  for  lambda  phage  reccmb inants  in  the  light  of  ccnments  by 
several  investigators  that  UV  .irradiation  should  not  be  required. 

The  RAC  felt  that  UV  irradiation  need  not  be  a specific  requirement, 
and  adopted  revised  criteria  (Attachment  VI).  A statement  on 
verification  of  safety  features  in  EK2  vectors  bearing  cloned 
segments  was  also  adopted.  These  requirements  will  be  published 
in  the  Bulletin. 

2.  Modified  AgtWES.AB 

The  Committee  reviewed  a request  from  Drs.  Bell  and  Rutter  to 
use  a modification  of  AgtWES.AB  as  a certified  EK2  system. 

The  EK2  vector  has  been  slightly  modified  so  that  segments 
can  be  joined  by  dA-bT  tailing  and  thus  obviate  the  need  to 
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use  Eco  Rl.  The  Committee  considered  this  to  be  a minor 
modification  and  re  canine  nded  approval  of  the  general  principle 
that  in  joining  a cloned  segment  to  the  vector  of  an  EK2 
system,  dA-dT  tailing  can  be  substituted  for  restriction 
enzyme  joining  without  special  approval. 

3.  Charon  2lA 


The  Committee  reviewed  an  application  frcrn  Dr.  Frederick 
Blattner's  laboratory  for  EK2  certification  of  a host-vector 
system  based  on  phage  Charon  21A.  Charon  21A  is  a recombinant 
between  AgtWES*  AB  and  Charon  phages,  and  can  be  considered  to 
be  an  improved  modification  of  Charon  16A  which  is  certified 
for  use  in  EK2  systems.  It  appears  to  satisfy  all  the  requirements 
for  EK2  phage  systems,  but  had  not  been  considered  in  detail 
by  all  members  of  the  subcommittee  because  of  the  late  date  of 
submission  of  the  application.  Ihe  RAC  voted  to  recommend 
approval  of  Charon  21A  subject  to  confirmation  by  mail  ballot 
from  the  subcommittee. 

4.  Production  and  Testing  Contracts  for  EK2  Systems 


Dr.  John  Nutter  of  NIAID  described  the  production  and 
testing  contracts  awarded  for  EK2  and  EK3  systems.  In  1976, 
NIAID  let  four  contracts  for  the  development  of  EK2  systems. 

The  contractors  were:  Fred  Blattner  for  the  production  of  the 
Charon  phages  3A,  4A,  16A;  Donald  Hel inski  for  plasmid  vectors; 
Dan  Ray  and  Fred  Wilcox  for  the  development  of  a three  component 
Ml3  vector  (this  contract  has  recently  received  a no  cost 
extension)  and  FPy  Curtiss  for  the  development  of  X1776  an^ 
other  E.  coli  hosts.  All  these  contracts  have  or  will  terminate 
in  the  near  future. 

At  the  same  time  contracts  were  awarded  for  the  testing  of 
EK2  systems  and  their  possible  elevation  to  EK3.  The 
contractors  were  independently  to  verify  the  genotype 
and  phenotype  of  the  host  and  vector  and  then  to  determine 
their  survivability.  Verification  was  to  be  done  by 
Dr.  Dodge  for  E.  coli  hosts  x1776  and  DP50,  Dr.  Lieb 
for  lambda  phages,  and  Dr.  Clowes  for  plasmid  vectors. 

Drs.  Freter  and  Levy  were  to  determine  baseline  data  under 
culture  conditions,  and  in  mice  and  humans.  A contract 
has  also  been  awarded  to  test  simulated  accidental  spills. 

A sewage  testing  contract  is  still  to  be  negotiated. 

A third  type  of  contract  was  awarded  to  Josephine  Curtiss 
at  the  University  of  Alabama  to  propagate  and  package 
EK2  systems.  The  material  will  be  returned  to  NIH  for 
distribution.  A announcement  of  availability  will  appear 
in  the  next  issue  of  the  Bulletin. 
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The  RAC  went  on  record  that  *1.776  (pBR322)  should  be  tested  for  EK3 
properties. 

IV.  CONSIDERATION  OF  MINUTES  OF  PREVIOUS  t-EETING 


Dr.  Hel inski  requested  that  Page  4 of  the  Minutes  of  the  October- 
Nov ember , 1978  meeting  be  modified  to  indicate  that  the  Falmouth 
meeting  had  served  as  a fortm  for  the  exchange  of  previously  published 
data  on  the  ecology  of  E.  coli.  The  Minutes  were  approved  subject 
to  this  and  several  other  minor  modifications. 

V.  REQUESTS  FOR  REDUCTION  OF  COtTAINMENT  LEVELS  FOR  CHARACTERIZED  CLONES 


A.  The  Germ  it  tee  reviewed  a request  by  Dr.  Donald  Brown  for  approval 
to  lower  the  containment  levels  to  P2  + EKl  for  characterized 
clones  containing  the  5SDNA  frcm  Xe nopus , and  to  introduce  minor 
modifications  in  the  clones  by  reaction  with  sodium  bisulfite 

or  Si  nuclease.  The  Canruttee  noted  that  deletions  or  substitutions 
produced  by  chemical  reaction  would  not  drastically  alter  the 
DMA.  The  Corrmittee  approved  the  reduction  of  containment  levels 
for  the  characterized  clones  to  P2  + EKl,  and  unanimously  passed 
a motion  that  the  clones  can  continue  to  be  handled  under  P2  + 

EKl  conditions  after  chemical  treatment  as  described  in  the 
request. 

Dr.  Rowe  then  made  a motion  that  investigators  who  wish  to  modify 
characterized  clones  by  mutagenesis  or  by  minor  substitutions  or 
insertions  need  not  obtain  approval  from  QRDA  before  working  at 
lowered  containment  levels.  In  such  cases,  approval  by  the  IBC 
is  recommended  but  not  required.  The  motion  was  passed  unanimously. 

B.  A request  by  Dr.  Fonald  Reeder  to  lower  the  containment  level 
for  a series  of  clones  from  Xe  nopus  was  considered.  The  request 
includes  a series  of  rigorously  characterized  clones  of  ribosanal 
genes  and  subclones  thereof,  the  cloning  of  ribosomal  ENA  of 
greater  than  99%  purity  frcm  the  somatic  cells  of  a single  frog, 
the  cloning  of  histone  genes  from  Xenopus  embryos,  and  the  cloning 
of  genes  from  Xenopus  oocytes.  The  RAC  unanimously  approved  all 
of  the  requests  at  the  P2  + EKl  levels  of  containment. 

C.  A request  frcm  Dr.  Robert  Boeder  to  allow  the  propagation  of  a 
hybrid  vector  composed  of  lambda  phage  and  a 3000  base  segment 
frcm  Xenopus  containing  tRNA  genes  was  approved  by  the  RAC  at 
P2  + EKl  containment.  Most  of  the  Xenopus  insert  consists  of 
spacer  which  was  not  considered  by  the  Committee  to  be  harmful. 

D.  A request  by  Dr.  Sherman  Weissman  to  lower  the  containment  level 
to  P2  + EKl  for  characterized  plastids  JW101  and  JW151  containing 
human  and  gaimva  glob  in  ENA  was  unanimously  approved.  The  inserts 
are  800  bases  long  and  partial  sequencing  data  on  50  bases  shows 
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compatibility  with  the  amino  acid  sequence.  Analysis  with 
restriction  endonucleases  shows  the  expected  pattern  of  fragments. 

E.  A request  by  Dr.  Carl  Schildkraut  to  propagate  characterized 
plasmids  { ZMaG  and  ZM8G)  containing  cENA  copies  of  mouse  a and 
Bglobin  DNA  was  unanimously  approved  at  P2  + EKl.  The  partial 
nucleotide  sequences  correspond  to  the  amino  acid  sequence, 
the  restriction  pattern  is  consistent,  and  the  plasmid  ENA 
hybridizes  to  mouse  glob in  ENA. 

F.  A similar  request  by  Dr.  Ralph  Giorno  to  propagate  characterized 
plasmids  containing  mouse  a and  6 glob  in  ENA  under  P2  + EKl  conditions 
was  also  unanimously  approved  contingent  upon  either  the  demonstration 
that  _E.  coli  strain  N543  does  not  have  conjugative  plasmids  or 

that  a host  which  meets  EKl  criteria  is  used. 

G.  Dr.  John  Baxter  and  colleagues  requested  permission  to  reduce 
containment  levels  from  P3  + EK2  to  P3  + EKl  or  P2  + EK2  for 
a series  of  clones  containing  all  or  part  of  the  gene  for  rat 
growth  hormone.  Nucleotide  sequence  and  restriction  analysis 
data  indicates  correspondence  with  the  amino  acid  sequence. 

The  question  of  potential  harm  if  the  gene  were  to  be  expressed 
was  raised  by  Dr.  Hel inski.  Dr.  Gottesman  indicated  that  the 
amount  of  growth  hormone  produced  in  E.  coli  would  not  affect 
human  hormonal  balance.  Other  evidence  indicates  that  rat 
hormone  does  not  cross-react  with  human  and  that  growth  hormone 

is  totally  inactive  when  administered  orally.  The  RAC  unanimously 
voted  approval  for  P3  + EKl  or  P2  + EK2  containment  levels. 

Later  Dr.  Gottesman  made  a motion  to  permit  lowering  of  containment 
levels  for  characterized  rat  growth  hormone  clones  to  P2  + EKl. 

Ihe  motion  passed  8 to  2. 

H.  A second  request  from  Dr.  Baxter  to  propagate  characterized  clones 
of  human  growth  hormone  and  human  scmatcmairmo tropin  (related  to 
growth  hormone)  at  P2  + EKl  containment  levels  was  approved  on 
the  grounds  that  the  inserts  were  characterized.  Hie  nucleotide 
sequence  for  amino  acids  24-190  has  been  determined.  The  RAC 
unanimously  voted  approval  of  P3  + EKl  or  P2  + EK2  containment 
levels  for  these  clones. 

A second  motion  to  lower  the  containment  requirements  to  P2  + EKl 
for  characterized  clones  of  human  growth  hormone  resulted  in  a 
vote  of  six  for  and  six  against.  Dr.  Stetten  voted  no  and  the 
motion  was  defeated. 

I.  A request  by  Dr.  Howard  Goodman  to  propagate  characterized  clones  of 
rat  insulin  ENA  under  P2  + EKl  conditions  was  approved  by  a vote  of 
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12  to  1.  The  RAC  specified  that  the  approval  for  reduction  in 
containment  was  restricted  to  the  clones  specifically  cited  in 
the  MUA. 

J.  A request  by  Dr.  Robert  Goldberger  to  propagate  a plasnid 
containing  cDNA  made  from  vitellogenin  mRNA  was  approved  at 
P3  + EKl  (Dr.  Gottesman  abstaining)  provided  that  the  vector 
pBR322  was  used.  The  mRNA  had  been  characterized  by  hybridization, 
gel  electrophoresis,  and  translation  in  a cell- free  system. 

K.  A request  by  Dr.  Robert  J.  Crouch  to  lower  containment  for  a 
we  11- characterized  clone  containing  mouse  ribosomal  ENA  to 
P2  + EKl  was  approved.  The  DNA  had  been  characterized  by 
hybridization  and  restriction  enzyme  analysis. 

VI.  REMARKS  OF  THE  CHAIRMAN 

Dr.  Stetten  addressed  the  Qommittee  regarding  his  decision  to  resign 

as  its  chairman.  His  remarks  are  reproduced  in  Attachment  VII. 

VII.  VIRUS  WORKING  GROUP  REPORT 


The  Virus  Report  was  presented  by  Dr.  Harry  Ginsberg.  Dr.  Ginsberg 
described  the  events  leading  to  the  U.S.  - EMBQ  Workshop  to  Assess 
Risks  for  Recombinant  DNA  Experiments  Involving  the  Genomes  of  Animal, 
Plant,  and  Insect  Viruses.  He  noted  that  discussion  at  the  meeting 
of  the  NIH  Director's  Advisory  Committee  in  December  1977  centered 
about  the  restrictions  imposed  by  the  revised  Guidelines  upon  recom- 
binant DNA  research  when  viruses  are  used.  As  a result  of  the 
discussion,  NIH  sponsored  the  virus  workshop  at  Ascot,  England,  in 
January  1978.  The  participants  came  from  a variety  of  disciplines 
and  included  molecular  biologists,  virologists,  epidemiologists  and 
experts  in  infectious  disease.  Most  were  not  involved  in  recombinant 
DNA  research.  The  charge  to  this  group  was  to  assess  the  possibility 
of  hazard  arising  from  the  cloning  of  viral  ENA  and  from  the  use  of 
viral  DNA  as  a vector.  They  were  to  consider  the  hazard  to  laboratory 
workers  and  to  the  population  at  large. 

The  workshop  considered  the  entire  range  of  eukaryotic  viruses, 
including  insect  and  plant  pathogenic  viruses.  No  situation  was 
envisioned  in  which  a recombinant  virus  or  variant  would  become  a 
greater  hazard  than  the  virus  itself.  In  a number  of  instances, 
the  group  believed  that  the  host  range  would  be  altered  but  that, 
there  would  be  no  increase  in  pathogenic  potential.  The  report 
represents  the  unanimous  opinion  of  the  participants  at  the  Workshop. 

Subsequent  to  the  U.S.  - EMBO  Workshop,  a Working  Group  was  convened 
to  review  the  findings  and  translate  them  into  reccmmendations  for 
changes  in  the  experimental  section  of  the  Guidelines.  Their 
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analysis  stems  fran  the  present  knowledge  of  the  structure  of 

viral  genomes  and  their  mode  of  replication. 

A.  The  Working  Group  recommended  that  mouth  pipetting  be  prohibited 
at  the  Pi  physical  containment  level.  This  evoked  considerable 
discussion  by  the  RAC.  It  was  the  consensus  of  the  RAC  that 
many  experiments  classified  as  Pi  need  not  include  a ban  on 
mouth  pipetting,  and  that  therefore  Pi  in  general  should  not 

be  redefined.  However,  the  RAC  by  a vote  of  10  to  2 approved 
the  principle  that  Pi  with  an  added  prohibition  on  mouth 
pipetting  should  be  endorsed  for  designated  experiments. 

B.  The  Working  Group  recommended  for  certain  classes  of  experiments 
the  use  of  E.  coli  K-12  with  " non-mob ilizable  plasmid  vectors," 
i.e.,  a level  of  containment  falling  between  EKl  and  EK2. 

Dr.  Tbelberg  pointed  out  that  the  terminology  was  incorrect 
and  rather  than  speaking  of  "non-mob ilizable  vectors"  one 
should  speak  of  "vectors  certified  for  use  in  EK2  systems." 

With  this  change  the  RAC  unanimously  endorsed  this  new  level 
of  biological  containment  to  be  used  in  specific  instances. 

C.  It  was  pointed  out  that  acceptance  of  the  Working  Group 
recommendations  would  remove  from  the  current  prohibited 
experiments  both  the  use  of  vesicular  stomatitis  virus 
(a  Class  3 CDC  virus) , and  all  of  the  oncogenic  viruses 
classified  by  NCI  as  moderate  risk  agents.  There  was 

no  objection  to  this  by  the  RAC.  It  was  pointed  out  that 
the  NCI  list  is  outdated  and  was  conservative. 

D.  The  RAC  then  discussed  Table  1 and  Table  2 of  the  Working 
Group  Report  and  the  accompanying  text  describing  the  table. 

This  text  would  be  inserted  into  the  Guidelines.  The  inclusion 
of  the  tables  in  the  Guidelines  was  also  recoimended  but  not 
mandatory.  The  RAC  made  some  changes  in  the  texts  and  tables, 
and  then  unanimously  adopted  them.  (Attachments  VTII-A  and 
VIII-B) . 

The  effect  of  this  is  as  follows: 

Section  III-B-l-a-( l)-(g) , "Cloning  of  Viral  Gencmes  frcm 
Eukaryotic  Cell  DNA"  of  the  proposed  revised  Guidelines, 
is  eliminated.  Section  IIl-B-l-b-( 1) , "Viruses  of  Eukaryotes" 
is  eliminated;  substituted  for  it  is  the  text  attached 
to  the  Minutes  as  Attachment  VIII-A.  In  section  IIH-3, 
"Experiments  with  Eukaryotic  Host-Vectors,"  subparts 
a-"Vertebrate  Host-Vector  Systems,"  and  b-" Invertebrate 
Host-Vector  Systems,"  are  eliminated;  substituted  is 
text  attached  to  the  Minutes  as  Attachment  VIII-B,  which 
consists  of  three  subparts:  a-"Vertebrate  Host-Vector 
Systems 1 ; b-" Invertebrate  Host-Vector  Systems  in  Which 
Insect  Viruses  Are  Used  to  Propagate  Other  ENA  Segments"; 
and  c-”Plant  Viral  Host-Vector  Systems." 
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VIII.  PROTOCOLS  FOR  REQUIRED  CONTAINMENT 


Below  are  described  the  actions  taken  by  the  RAC  on  proposed  protocols 
for  required  containment  levels  and  for  compliance  with  the  1976  Guide- 
lines. 

A.  Cloning  of  Bovine  Satellite  DNA 

Dr.  Susan  Gerbi  of  Brown  University  requested  NIH  review  of  a 
proposal  to  clone  99%  pure  bovine  satellite  CNA  under  P2-EK2 
conditions.  The  Guidelines  permit  a one-step  decrease  in 
physical  or  biological  containment  in  relation  to  the  conditions 
required  for  the  corresponding  shotgun  experiment  when  the  DNA 
to  be  inserted  has  been  enriched  to  99%  purity  by  physical  and 
chemical  techniques,  and  is  free  of  harmful  genes.  Shotgun 
conditions  for  cloning  bovine  CNA  are  P3-EK2.  Therefore, 

"purified"  bovine  DNA  can  be  cloned  under  P2-EK2  conditions 
if  the  DNA  is  99%  pure  and  free  of  harmful  genes. 

The  RAC  agreed  that  the  evidence  for  99%  purity  is  acceptable. 

There  was  seme  discussion  about  whether  the  CNA  preparation 
could  be  said  to  be  free  of  harmful  genes  in  view  of  the  fact 
that  the  functions  of  satellite  CNA  are  unknown.  However,  it 
was  pointed  out  that,  in  all  cases  investigated,  satellite  DNA 
is  not  translated.  Therefore,  it  is  reasonable  to  take  the 
position  that  such  DNA  is  free  of  harmful  genes.  The  RAC  then 
voted  unanimously  to  approve  the  requested  containment  levels  of 
P2-EK2. 

B.  Cloning  in  Pseudomonas  putida 

The  RAC  reviewed  requests  from  Dr.  James  Shapiro  of  the  University 
of  Chicago,  and  Dr.  J.  G.  Vacca,  on  behalf  of  Dr.  Chakrabarty,  of 
the  General  Electric  Company  to  use  Pseudomonas  putida  as  a host 
for  recombinant  DNA  experiments. 

In  one  set  of  experiments,  Dr.  Shapiro  wishes  to  clone  P.  putida 
DNA  using  E.  coll  as  a host.  In  a second  set  of  experiments. 

Dr.  Shapiro  requests  permission  to  use  P.  putida  as  a host  for 
cloning.  There  are  two  subsets  to  the  latter  experiments.  In  one. 
Dr.  Shapiro  wishes  to  conduct  self-cloning  experiments.  The 
P.  putida  DNA  carried  by  plagnids  R1162  or  RP4  1 and  previously 
cloned  in  E.  coli  would  be  returned  to  P.  putida  for  propagation. 

In  the  second  subset  of  experiments  involving  P.  putida  as  a host. 
Dr.  Shapiro  intends  to  develop  cloning  vectors  with  a wide  host 
range  that  could  be  propagated  in  either  E.  coli  or  P.  putida. 

The  hybrid  vectors  would  be  from  Col  El  and  R1162  or  RP4  1. 

The  vectors  could  be  grown  in  E.  coli  under  Pi  conditions  since 
both  parental  vectors  grow  in  E.  coli. 
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Dr.  Chakrabarty  is  interested  in  conducting  two  types  of  experiments. 
In  the  first,  he  wants  to  clone  P.  putida  genes  in  P.  putida  using 
EL  putida  plaanids  as  vectors.  There  would  be  two  kinds  of  vectors, 
PR4  1,  a nonconj ugative  plasmid,  and  RPl,  a conjugative  plasmid. 

In  the  second  experiment.  Dr.  Chakrabarty  wants  to  substitute 
EL  coli  or  pMB9  DNA  for  P.  putida  DNA  as  a donor.  Dr.  Chakrabarty 
suggests  Pi  containment  when  the  nonconj ugative  plasmid  is  used 
and  P2  when  the  conjugative  plasmid  is  employed. 

Ihe  RAC  agreed  that,  according  to  the  1976  Guidelines,  shotgun 
cloning  of  EL  putida  DNA  into  EL  coli  K-12  can  be  conducted  under 
Pl-EKl  conditions  or  even  with  conjugative  plaanids  under  Pi 
conditions. 

The  RAC  felt  that  using  EL  putida  as  a host  for  EL  coli  DNA  is 
not  permitted  under  the  1976  Guidelines  because  of  the  require- 
ments that  the  host  must  be  comparable  to  EKl  in  biological 
containment,  i.e.,  free  from  conjugative  plaanids.  However,  the 
RAC  voted  9 to  1 to  recommend  that  an  exemption  be  granted  to 
allow  all  of  the  requested  experiments  because  EL  putida  and 
E.  coli  exchange  ENA,  and  such  pairs  of  organisms  have  been 
recommended  for  total  exemption  under  the  proposed  revised 
Guidelines. 

The  RAC  was  then  specifically  asked  to  judge  which  of  the  proposed 
experiments  could  be  approved  under  the  1976  Guidelines.  The  Com- 
mittee noted  that  to  be  comparable  to  EKl  the  EL  putida  strains 
would  have  to  be  enfeebled  and  free  of  conjugative  plasmids. 

The  RAC  then  unanimously  passed  a motion  to  the  effect  that  the 
investigators  should  be  informed  that,  under  the  1976  Guidelines, 
approval  can  be  given  under  Pi  conditions  for  those  experiments 
in  which  no  conjugative  plasmids  are  present  in  the  EL  putida 
host  when  recombinant  DNA  is  present,  and  after  data  have  been 
submitted  on  (the  poorer)  survival  in  soil  of  the  EL  putida  host 
strain  compared  to  wild  type.  If  these  two  conditions  cannot  be 
met,  the  RAC  recommends  that  an  exemption  to  the  1976  Guidelines 
be  granted  on  the  grounds  that  EL  putida  and  Eh  coli  exchange 
DNA,  and  that  these  experiments  have  been  recommended  for  total 
exemption  under  the  revised  Guidelines. 

C.  In  vitro  Manipulation  of  Reccmbinant  DNA  Molecules 


The  RAC  reviewed  a statement  on  the  jri  vitro  handling  of 
reccmbinant  DNA  prepared  by  the  Harvard  University  Committee  on 
the  Regulation  of  Hazardous  Biological  Agents.  The  statement 
establishes  different  requirements  for  the  vitro  handling 
of  recombinant  ENA  depending  on  whether  the  jri  vivo  requirements 
are  Pl-EKl,  or  whether  the  _in  vivo  conditions  require  P2  or  P3 
containment  when  in  an  EKl  or  EK2  host. 


[538] 


APRIL  27-28-MINl7rES  OF  MEETING 


23 


The  RAC  did  not  vote  on  the  specific  proposals  of  the  Harvard 
Committee  although  some  members  thought  the  proposed  require- 
ments to  be  overly  stringent.  Rather,  the  RAC  unanimously 
passed  a motion  that  the  handling  of  naked  CNA  normally 
requires  Pi  conditions.  Furthermore,  cleavage  of  the  recom- 
binant CNA  with  restriction  endonucleases,  as  in  the  proposed 
addendum,  unequivocally  removes  such  experiments  from  any 
restraints  of  the  Guidelines. 

D.  Cloning  of  Chemically  Synthesized  Genes 

The  RAC  reviewed  proposals  by  Dr.  Ray  Wu  of  Cbmell  University 
for  the  setting  of  containment  levels  for  the  cloning  of  chem- 
ically synthesized  genes  for  human  insulin  chains.  Dr.  Wu 
wrote  proposing  to  clone  a chemically  synthesized  insulin  A gene 
under  Pl-EKl  conditions,  and  a synthetic  insulin  B gene  under 
P1-EK2  or  P2-EK1  conditions. 

The  RAC  concluded  that  the  containment  levels  for  these  experiments 
should  be  analogous  to  those  required  for  a characterized  clone 
derived  from  a shotgun  experiment.  In  the  case  of  a human  CNA 
sequence,  P2-EK1  conditions  can  be  approved  when  the  cloned 
recombinant  has  been  rigorously  characterized  and  is  free  of 
harmful  genes.  The  RAC  voted  9 to  1 to  approve  the  request  to 
clone  synthetic  genes  for  human  insulin  A and  B chains  under 
P2-EK1  or  P1-EK2  conditions.  The  negative  vote  was  cast  because 
of  concern  about  possible  hormonal  or  antigenic  activities  of 
the  insulin  A and  B chains. 

E.  Cloning  Eukaryotic  DNA  in  Yeast 

The  RAC  reviewed  requests  frcm  Dr.  Ronald  Davis  of  Stanford 
University  and  Dr.  Richard  Firtel  of  the  University  of  California, 
San  Diego,  to  clone  eukaryotic  DNA  in  Saccharomyces  cerevisiae. 

Dr.  Davis  requests  approval  to  clone  in  yeast  Drosophila  melan- 
ogaster  DNA  sequences  linked  to  an  E.  coli  non-con jugative 
plasmid  or  CNA  linked  to  a selectable  yeast  gene.  The  recom- 
binant first  will  be  constructed  in  _E . coli  and  then  transferred 
to  yeast.  Dr.  Davis  requests  approval  for  use  of  P2  conditions 
for  these  experiments. 

Dr.  Firtel  requests  approval  for  the  cloning  in  yeast  of 
Dictyostelium  discoidiun  DNA  sequences  linked  to  regions 
of  the  yeast  genome  containing  selectable  markers  linked 
to  non-con  jugative  E.  coli  plasmids.  The  triple  reccmbinants 
first  will  be  formed  in  E.  coli  and  then  used  to  transform 
yeast  strains  deficient  in  the  selectable  markers.  Approval 
of  P2  conditions  is  requested. 

Members  of  the  RAC  felt  that  there  was  little  doubt  about  the 
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safety  of  the  newly  proposed  experiments.  However,  concern  was 
expressed  that  the  yeast  hosts,  in  general,  cannot  be  considered 
to  be  contained  as  they  are  capable  of  surviving  in  nature.  The 
opinion  was  expressed  that  the  proposed  experiments  appear  to  be 
exceptions  to  the  1976  Guidelines,  and  that  perhaps  the  experi- 
ments should  be  deferred  until  yeast  strains  with  reduced  survival 
in  nature  are  identified.  A proposal  was  made  that  perhaps  the 
concept  of  an  experiment  "being  safe"  should  be  an  alternative 
to  the  requirement  for  biological  containment  in  the  host. 

The  RAC  then  voted  unanimously  to  approve  the  requests  of  Drs. 

Davis  and  Fir  tel  subject  to  the  submission  of  appropriate  MUAs. 

It  is  the  sense  of  the  RAC  that  ORDA  should  use  these  decisions 
as  precedents  for  approving  the  insertion  of  DNA  sequences  from 
other  lower  eukaryotes  into  cerevisiae. 

F.  Transfer  of  DNA  to  Phyccmyces 

ORDA  asked  the  RAC  to  review  an  MUA  submitted  by  Dr.  Max  Delbruck 
of  the  California  Institute  of  Technology.  The  MUA  proposes 
three  series  of  experiments  under  Pi  conditions: 

1.  Transfer  of  yeast  2 y DNA  circles  to  Phyccmyces. 

2.  Transfer  into  Phyccmyces  of  yeast  2 y DNA  circles  with  insertion 
of  an  E.  coli  gene  coding  for  a suitable  enzyme  marker. 

3.  Transfer  into  Phyccmyces  of  yeast  2 y DNA  circles  with  insertions 
of  Phycomyces  genes. 

The  RAC  discussed  these  experiments  at  the  same  time  as  the 
experiments  described  in  itan  E (above)  were  considered,  and 
many  of  the  comments  made  by  the  RAC  apply  also  to  these 
experiments.  The  RAC  unanimously  voted  to  approve  the  experi- 
ments in  Phyccmyces  based  on  the  precedent  of  approval  of 
self-cloning  experiments  in  yeast. 

G.  Propagation  of  Recombinant  Plasmids  in  Plant  Pathogens 


Dr.  Nicholas  Panopoulos  of  the  University  of  California,  Berkeley, 
asked  the  RAC  to  review  an  MUA  dealing  with  an  investigation  of 
the  ability  of  various  recombinant  plasmids  to  replicate  in  plant 
pathogenic  bacteria.  The  immediate  objective  of  the  research  is 
to  test  various  plasmid  vectors  for  the  ability  to  replicate  in 
certain  species  of  phytopathogenic  bacteria,  the  ability  to  be 
mobilized  from  E.  coli  hosts  into  these  species,  and  the  ability 
to  transform  these  species.  The  bacterial  hosts  to  be  used 
include  Pseudcmonas  species,  Erwinia  species,  and  Xanthcmonas 
species.  The  long-term  objective  is  to  develop  host-vector 
systems  for  certain  species  of  plant  pathogenic  bacteria.  The 
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plasnids  to  be  used  in  the  initial  studies  were  constructed 
by  in  vitro  techniques  and,  therefore,  constitute  recombinant 
plasnids. 

Members  of  the  RAC  felt  that  the  proposed  work  will  not  generate 
any  hazard,  and  that  most,  if  not  all,  of  these  experiments  will 
be  excluded  frcm  the  revised  Guidelines  under  exemption  (iv)  for 
genetic  exchangers.  The  RAC  then  unanimously  passed  a motion  to 
ask  the  Director,  NIH,  for  an  exception  to  the  current  Guidelines 
in  order  to  carry  out  the  experiments  described  (except  those  pre- 
viously approved)  because  the  introduction  into  plant  pathogens  of 
E . coll  plasmids  restructured  by  reccmb inant  DNA  techniques  is 
unlikely  to  pose  any  additional  hazard.  As  noted  above,  the  NIH 
has  already  approved  the  introduction  of  EK2  vectors,  constructed 
by  recombinant  CNA  techniques,  into  plant  pathogens. 

H.  Cloning  B.  subtilis  and  E.  coli  DNA  in  B.  subtilis 

The  RAC  reviewed  an  MUA  submitted  by  Dr.  Frank  Young  of  the 
University  of  Rochester  dealing  with  an  experiment  in  which  a 
chimeric  plasmid  composed  of  EC  subtilis  chromosomal  or  phage  CNA 
linked  to  EC  coli  plasnid  pMB9  is  to  be  cloned  in  EC  subtilis. 

The  NIH  has  already  approved  at  the  PI  level  experiments  in  which 
S . aureus  or  B_.  subtilis  plasmids  are  used  to  clone  EC  subtilis 
chromosomal  or  phage  CNA  in  EC  subtilis. 

The  RAC  voted  unanimously  to  approve  at  the  P2  level  the  following 
experiments  provided  that  non-reverting  asporogenic  host  strains 
with  low  survival  arc*  utilized,  and  that  data  on  these  strains 
are  submitted  to  the  NIH: 

1 . The  cloning  in  EC  subtilis  hosts  of  EC  subtilis  DNA  on  EC  coli 
plasmids  or  phages; 

2.  The  cloning  in  EC  subtilis  hosts  of  EC  coli  DNA  on  EC  coli 
plasmids  or  phages. 

I.  Recombinant  DNA  Research  with  Bacillus  popilliae  and  Bacillus 
thuringiensis 

Dr.  Robert  Faust  of  the  Beltsville  Agricultural  Research  Center, 

US  DA,  requested  NIH  review  of  a research  proposal  involving 
reccmb inant  CNA  research  with  Bacillus  popilliae  and  Bacillus 
thuringiensis. 

Dr.  Faust  proposes  to  construct  hybrid  plasmids  from  B.  thuringiensis 
chromosomal  DNA  and  its  indigenous  plasnid,  and  propagate  them  in 
B.  popilliae.  Transformed  strains  will  be  identified  by  antibiotic 
resistance  or  added  fermentation  ability. 
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Dr.  Faust  discusses  in  seme  detail  the  relationship  of  this  host- 
vector  system  to  EL  ooli  and  other  prokaryotic  systems  described 
in  the  Guidelines.  He  states  that  the  narrow  host  range  and  lack 
of  evidence  for  pathogenicity  in  mammals  (i.e.,  Class  I agent) 
should  provide  biological  containment  equal  to  EKl  hosts. 

Dr.  Faust  cites  other  authors  who  maintain  that  B.  popilliae  and 
B.  thuringiensis  exchange  genetic  information.  He  is  unable  to 
say  whether  the  B.  thuringiensis  plasmids  are  non-conjugative. 

The  RAC  noted  that  these  organises  are  safe  pesticides  registered 
by  the  EPA.  However,  it  was  felt  that  these  organisms  will  have 
difficulty  in  meeting  HVl  criteria  under  the  proposed  revised 
Guidelines.  In  addition,  these  experiments  may  not  be  exempt 
under  the  revised  Guidelines  because  this  pair  of  organisms  may 
not  appear  on  the  list  of  genetic  exchangers.  The  RAC  then  voted 
10  to  1 to  reconmend  that  an  exception  be  granted  for  the  proposed 
recombinant  DNA  experiments  based  on  their  safety  rather  than  on 
containment. 

J.  Cloning  in  Rhodopseudomonas  capsulata 


Dr.  Alan  Lambowitz  of  Saint  Louis  University  requested  review  of 
recombinant  ENA  experiments  involving  Rhodopseudomonas  capsulata. 

Ihe  experiments  are  divided  into  two  stages.  In  the  first  stage, 
fragments  of  Rhodopseudomonas  capsulata  DNA  would  be  cloned  in 
Rhodopseudomonas  capsulata  strain  MB615  using  EL  coli  plasmids 
as  vectors  under  P2  conditions.  A clone  will  be  selected  that 
carries  a fragment  of  the  IL  capsulata  gencme  that  can  complement 
the  lesion  that  renders  MB615  non- photosynthetic. 

In  the  second  stage,  the  plasmid  thus  selected  will  be  isolated 
from  FL  capsulata  and  cloned  in  an  EKl  host . Ihis  plasmid  will 
then  be  amplified  and  harvested  to  produce  a probe  for  use  in 
in  vitro  RNA-DNA  hybridization  experiments. 

The  information  which  was  submitted  contained  no  data  on  survival 
outside  the  laboratory.  RAC  members  felt  that  the  situation  parallels 
the  Pseudomonas  putida  case  described  in  item  B.  The  RAC  unanimously 
passed  a motion  to  the  effect  that  the  investigators  should  be  informed 
that,  under  the  1976  Guidelines,  approval  can  be  given  under  Pi 
conditions  for  those  experiments  in  which  no  conjugative  plasmids 
are  present  in  the  FL  capsulata  host  when  recombinant  DNA  is  present, 
and  after  data  have  been  submitted  on  (the  poorer)  survival  in  soil 
of  the  EL  capsulata  host  strain  compared  to  wild  type.  If  these 
two  conditions  cannot  be  met,  the  RAC  recommends  that  an  exemption 
to  the  1976  Guidelines  be  granted  on  the  grounds  that  IL  capsulata 
and  EL  coli  exchange  ENA,  and  that  similar  experiments  have  been 
recommended  for  total  exemption  under  the  revised  Guidelines. 
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K.  Cloning  a Region  of  SV40  into  E.  coli  K-I2 

Dr.  Robert  Tjian  of  the  Oold  Spring  Harbor  Laboratory  submitted  a 
request  to  clone  DMA  sequences  which  lie  within  a segment  of  SV40 
ENA  which  does  not  encode  any  known  gene  products  but  is  likely 
to  contain  part  or  all  of  the  origin  of  SV40  relication.  It  is 
proposed  to  insert  these  fragments  into  an  EK2  host-vector  system 
under  P3  conditions. 

The  RAC  felt  that  the  1976  Guidelines  appear  to  require  P4-EK2 
or  P3-EK3  conditions,  because  the  segments  to  be  inserted, 
although  purified,  were  not  cloned  and,  therefore,  do  not  meet 
the  requirement  that  the  segment  must  be  cloned  prior  to  lowering 
the  required  containment  to  P3-EK2  conditions.  However,  members 
of  the  RAC  felt  that  the  degree  of  purification  of  the  segments 
to  be  inserted  is  likely  to  be  equivalent  to  that  achievable  by 
cloning.  The  RAC  voted  unanimously  that  an  exception  should  be 
granted  to  conduct  these  experiments  under  P3-EK2  conditions  if 
certain  additional  information  on  the  degree  of  purification  is 
available. 

L.  Cloning  in  Salmonella  typhimurium 

The  RAC  reviewed  a request  f ran  a group  of  eleven  scientists  to 
permit  reccmbinant  ENA  experiments  involving  the  introduction  of 
S . typhimunun  and/or  E_.  coli  DNA  into  S_.  typhimurium. 

The  RAC  approved  the  Salmonella  experiments  on  the  basis  that  it  is 
their  interpretation  of  the  Guidelines  that  S_.  typh imuriun  strain 
LT2  can  be  considered  as  a host  equivalent  to  EL  coli  K-12  for  the 
purposes  of  cloning  typhiumuriun  or  Eb  coli  DNA.  The  RAC 
then  unanimously  passed  a motion  that  experiments  which  involve 
the  transfer  of  S_.  typnimurium  DNA  cloned  in  Eb  coli  back  into 
S.  typhimurium  LT2  should  be  approved  under  P2  conditions. 

IX.  WORKSHOP  ON  RISK  ASSESSMENT  OF  AGRICULTURAL  PATHOGENS 


Dr.  Day  presented  the  report  of  the  Workshop  on  Risk  Assessment  of 
Agricultural  Pathogens  held  on  March  20-21,  1978.  A number  of  the 
recommendations  of  the  Workshop  Report  had  already  been  adopted 
by  the  RAC  earlier  in  the  meeting.  Additional  changes  in  the 
Guidelines  recommended  in  the  Workshop  Report  and  approved  unan- 
imously by  the  RAC  were  the  following: 

A.  A motion  to  include  in  the  Guidelines,  as  part  of  Appendix  B, 
the  "Hazard  Classification  of  Plant  Pathogens,"  as  taken  from 
the  Workshop  Report,  was  approved  with  a minor  addition  pro- 
posed by  Dr.  Day.  The  material  to  be  added  to  Appendix  B of 
the  proposed  revised  Guidelines  is  attached  to  the  Minutes  as 
Attachment  IX. 
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B.  Section  III-B-l-a-(  l)-(e)  on  "Other  Cold-Blooded  Animals  and 

Lower  Eukaryotes."  Under  item  2,  the  first  sentence  in  the 
proposed  revised  Guidelines  is:  "2.  The  remainder  of  the 

species  in  this  class:  P2  + EKl  or  Pi  + EK2."  Change  this  to: 

"2.  The  remainder  of  the  species  in  this  class,  including 
plant  pathogenic  or  symbiotic  fungi  that  do  not  produce  potent 
toxins:  P2  + EKl  or  Pi  + EK2." 

C.  Section  III-B-l-a- ( 1)- ( f ) on  "Plants."  The  first  two  sentences 

in  the  proposed  revised  Guidelines  are:  "(f)  Plants.  P2  physical 

containment  + an  EKl  host- vector  or  Pi  + EK2.  If  the  plant 
source  carries  a known  pathogenic  micro-organism  or  makes  a 
potent  polypeptide  toxin  (footnote),  the  containment  must  be 
raised  to  P3  physical  containment  + an  EK2  host-vector." 

The  change  is  to  delete  from  the  second  sentence  the  words 
"carries  a known  pathogenic  micro-organism  or." 

D.  Section  III-B-3-c  on  "Plant  host-vector  systems"  in  the  proposed 
revised  Guidelines  will  now  become  Section  III-B-3-d  to  be 
called  "Plant  host-vector  systems  other  than  plant  viruses." 


IX.  OTHER  CHANGES  IN  THE  PROPOSED  REVISED  GUIDELINES 

At  the  conclusion  of  the  meeting,  the  RAC  discussed  other  changes  in 
the  proposed  revised  Guidelines.  In  its  deliberations,  the  RAC  took 
into  consideration  the  previously  voted  upon  alterations  in  the  Virus 
Section. 

A.  Shotgun  of  Primate  DNA  into  E.  coli  K-12 

Cne  of  the  reasons  given  originally  for  the  high  containment  level 
for  shotgun  experiments  involving  primate  ENA  into  _E.  coli  K-12 
was  the  possible  inadvertent  cloning  of  viral  DNA.  In  view  of 
the  adoption  of  the  recommendations  of  the  Virus  Working  Group 
to  lower  containment  for  deliberate  cloning  of  viral  DNA,  the 
RAC  reconsidered  primate  shotgun  levels,  and  voted  unanimously 
to  rewrite  Section  III-B-l-a-( l)-(a) , as  follows  (although  the 
exact  wording  was  not  voted  upon): 

"(a)  Primates.  P2  physical  containment  + an  EK2  host-vector. 
However  any  lowering  of  containment  below  these  levels  (i.e., 
for  purified  DNA  or  characterized  clones)  cannot  be  made  solely 
by  an  institutional  biosafety  ccmmittee  but  requires  NIH  approval." 
[Note:  It  was  not  discussed  at  the  RAC  meeting,  but  additional 

text  and  cross  references  will  now  be  put  into  Section  III-B-l-c 
"lowering  of  containment  levels  of  characterized  or  purified 
DNA  preparations  and  clones"- to  remind  the  reader  that  primate 
shotguns  are  to  be  treated  differently.] 
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B . "Self-Cloning  in  Prokaryotic  Hosts  that  Exchange  Genetic  Information 

with  E.  coli 

Wording  to  be  inserted  into  tl»e  proposed  revised  Guidelines  to 
allow  "self-cloning"  experiments  in  prokaryotic  hosts  that 
exchange  genetic  information  with  E.  coli,  using  E.  coli  K-12 
as  an  "intermediate  host,"  at  Pi  physical  containment  was  read 
to  the  RAC  by  Dr  .*  Gottesinan  and  approved  unanimously.  After 
the  RAC  meeting,  the  text  was  reworded  for  clarity.  The  text, 
to  be  inserted  under  Section  III-B-2,  "Experiments  with  other 
prokaryotic  host- vectors,"  would  read: 


"It  is  expected  that  prokaryotes  that  exchange  genetic 
information  with  E.  coli  will  be  exempted  from  tliese 
Guidelines  by  appearing  on  the  "list  of  exchangers" 
(see  exemption  iv).  FOr  a prokaryote  which  exchanges 
genetic  information  with  E.  coli  but  which  is  not  on 
the  list  (Host  A) , the  following  experiments  may  be 
carried  out  under  Pi  conditions  without  Host  A having 
been  approved  as  an  HVl  host: 

DMA  from  Host  A may  be  cloned  into  a vector 
and  propagated  in  E.  coli  K-12  under  Pi 
conditions.  Subsequently,  this  recombinant 
DNA  may  be  returned  to  Host  A by  mobilization 
or  transformation,  and  then  may  be  piopagated 
in  Host  A under  Pi  conditions ." 


X.  DATES  OF  FUTURE  MEETINGS 

Hie  Oommittee  selected  August  2-3,  1978,  and  October  30-31,  1978,  as 
dates  of  future  meetings. 

XI.  ADJOURNMENT 

The  meeting  was  adjourned  at  4:00.  p.m.,  April  28,  1978. 


Respectfully  submitted, 


Executive  Secretary 
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I hereby  certify  that,  to  the  best  of 
my  knowledge,  the  foregoing  Minutes  and 
attachments  are  accurate  and  complete. 


Program  Advisory  Committee 
National  Institutes  of  Health 


[546] 


RECOMBINANT  DMA  MOLECULE  PROGRAM  ADVISORY  COMMITTEE 

Attachment  I - page  1 


CHAIRMAN 

STETTEN,  OWitt.  Jr.,  H.O.,  Ph. 0.(79) 
Deputy  Director  for  Science 
Office  of  the  Director 
National  Institutes  of  Health 
Bethesda,  Maryland  20014 
391  496-1921 


ADELBESG,  Edward  A.,  Ph.D.  (78) 

Professor 

Department  of  Hunan  Genetics 
School  of  Medicine 
Yale  University 
New  Haven,  Connecticut  06510 
203  436-0821 

CAMPBELL,  Allan  M. , Ph.D.  (80) 

Professor 

Department  of  Biology 
Stanford  University 
Stanford,  California  9430S 
415  497-1170 


DAY,  Peter  R.,  Ph.D.  (80) 

Chief 

Division  of  Genetics 
Connecticut  Agricultural 
Experiment  Station 
New  Haven,  Connecticut  06504 
203  789-7258 

OOTTESMAN.  Susan  K.,  Ph.D.  (81) 

Senior  Investigator 
Laboratory  of  Molecular  Biology 
National  Cancer  Institute 
National  Institutes  of  Health 
Pethesda,  Maryland  20014 
301  496-3524 

HE  LI  NS  KI , Donald  R. , Ph.D.  (73) 

Professor 

Department  of  Biology 
University  of  California,  San  Diego 
La  Jolla,  California  92037 
714  452-3638 

HORNICK,  Richard  B. , M.D.  (81) 

Professor  and  Director 
Division  of  Infectious  Diseases 
School  of  Medicine 
University  of  Maryland 
Baltimore,  Maryland  21201 
301  528-7562 

KUITER,  Elizabeth  M. , Ph.D.  (79) 

Member  of  the  Faculty 
in  Biophysics 

The  Evergreen  State  College 
Olynoia,  Washington  93505 
206  866-6719 


VICE  CHAIRMAN 

JACOBS,  Leon.  Ph.D.  (79) 

Associate  Director  for 
Collaborative  Research 
Office  of  the  Director 
National  Institutes  of  Health 
Bethesda,  Maryland  20014 
301  495-3111 


LITTLEFIELD,  John  W.,  M.D.  (78) 

Professor  & Chairman 
Department  of  Pediatrics 
Children's  Medical  & Surgical  Center 
Johns  Hopkins  Hospital 
Baltimore,  Maryland  21204 
301  955-5976 

RED FORD,  Ehmette  S. , Ph.D.,  LL.D.  (79) 
Ashbel  Smith  Professor  of 

Government  and  Public  Affairs 
Lyndon  8.  Johnson  School  of 
Public  Affairs 

Univeristy  of  Texas  at  Austin 
Austin,  Taxas  78712 
512  471-4127 

ROWE,  Wallace  P.,  M.D.  (79) 

Chief,  Laboratory  of  Viral  Diseases 
National  Institute  of  Allergy  & 
Infectious  Diseases 
National  Institutes  of  Health 
Bethesda,  Maryland  20014 
301  496-2613 

SETLOW,  Jar.e  K. , Ph.D.  (78) 

Biologist 

Brookhaven  National  Laboratory 
Upton,  Long  Island,  New  York  11973 
516  345-3420 


SPIZ1ZEN,  John,  Fh.D.  (79) 

Member  and  Chairman 
Department  of  Microbiology 
Scripps  Clinic  & Research  Foundation 
La  Jolla,  California  92037 
714  455-9100  x360 

WALTERS,  LeRoy,  Ph.D.  (80) 

Director 

Center  for  Bioethics 
Kennedy  Institute 
Georgetown  University 
Washington,  D.C.  20057 
202  625-2371 

ZAI7LIN,  Milton,  Fh.D.  (80) 

Professor 

Department  of  Plant  Pathology 
Cornell  University 
Ithaca,  New  York  14853 
607  256-3105 


EXECUTIVE  SECRETARY 

CAPTLAV9,  William  7,  Jr.,  Ph.0. 
Health  3ci-»rtia..  A>>i  nistrator 
Vatior.il  Institute  cf  General 
Medical  Sciences 
National  Institutes  of  Health. 
Bethesca,  Maryland  20014 
301  -19C-6051 


[547] 


Attachment  I - page  2 


RECOMBINANT  DNA  MOLECULE  PROGRAM  ADIVSORY  COMMITTEE 
LIAISON  REPRESENTATIVES 


DODA,  George,  Ph.D. 

Division  of  Biomedical  and 
Environmental  Research 
Department  of  Energy 
Washington,  D.C.  20545 
301  353-3651 


FULKERSON,  John  F. , Ph.D. 

Cooperative  State  Research  Service 
U.  S.  Department  of  Agriculture 
Washington,  D.C.  20250 
202  447-4175 


HEDRICH,  Richard,  Ph.D. 

Coordination  Program  of  Science 
Technology  & Human  Value 
National  Endowment  for  the  Humanities 
Washington,  D.C.  20506 
202  382-5996 


LEWIS,  Herman  W. , Ph.D. 
Division  of  Biological  and 
Medical  Sciences 
National  Science  Foundation 
Washington,  D.C.  20550 
202  632-4200 


WEISS,  Daniel  L.,  M.D. 

Assembly  of  Life  Sciences 
National  Academy  of  Sciences 
Washington,  D.E.  20418 
202  389-6315 


[548] 


WARREN  O.  MAGNUSON,  WASH..  CHAIRMAN 


HOWARD  W.  CANNON.  NEV. 
RUSSELL  B.  LONG.  LA. 


JAMES  B.  PEARSON.  KANS 
ROBERT  P.  GRIFFIN.  MICH 
TED  STEVENS.  ALASKA 
BARRY  GOLOWATER.  ARIZ. 

BOB  PACKWOOO.  OREG. 
HARRISON  H.  SCHMITT.  N MEX. 
JOHN  C.  OANFORTH.  MO. 


ERNEST  F.  HOLLINGS.  S.C. 
DANIEL  K.  INOUYE.  HAWAII 
AOLAI  E.  STEVENSON.  ILL 
WENDELL  H.  FORD.  KY. 


^Cmied  -Sialcs  J&cruxle 


JOHN  A.  DURKIN.  N.H . 

EDWARO  ZORINSKY.  NEBR. 
DONALD  W.  RIEGLE.  JR..  MICH 
JOHN  MELCHER.  MONT 


COMMITTEE  ON  COMMERCE.  SCIENCE, 
AND  TRANSPORTATION 


Washington.  D.C.  20510 


November  30,  1977 


Dr.  Donald  S.  Fredrickson 
Director 

National  Institutes  of  Health 
Department  of  Health,  Education 
and  Wei  fare 
9000  Rockville  Pike 
Bethesda,  Maryland  20014 

Dear  Dr.  Fredrickson: 

Thank  you  for  participating  in  our  Subcommittee  hearings  on  the 
regulation  of  recombinant  DNA  activities.  Your  testimony,  responses 
to  questions,  and  information  to  be  supplied  for  the  record  will  be 
very  helpful  in  formulating  recommendations  for  legislation  and  the 
administration  of  existing  statutory  authorities. 

In  that  connection,  I would  appreciate  your  commenting  further  on  four 
issues  related  to  the  unauthorized  use  of  a plasmid  vector  by 
researchers  at  the  University  of  California  at  San  Francisco.  These 
questions  underscore  the  need  for  greater  accountability  in  the  present 
or  any  future  system  of  regulation. 

First,  the  UCSF  incident  demonstrates  the  difficulty  of  establishing 
responsibility  when  procedures  are  uncertain  and  communication  is 
lacking.  As  you  pointed  out  in  your  testimony,  the  language  of  the 
NIH  guidelines  is  misleading  in  failing  to  mention  the  role  of  the 
Director  in  the  certification  of  EK2  and  EK3  vectors.  Some  kind  of 
formal  notification  to  researchers  might  have  compensated  in  part  for 
this  oversight.  Drs.  Boyer  and  Rutter  testified,  however,  that  the 
certification  of  plasmids  "...  was  never  made  known  to  us  in  any 
form  of  writing.  It  was  all  by  word  of  mouth." 

The  Subcommittee  has  received  numerous  assurances  that  the  procedure 
is  now  much  "tighter"  and  "more  businesslike."  Does  this  mean  that, 
apart  from  the  proposed  revisions  recently  circulated  for  comment  prior 
to  their  adoption,  researchers  have  been  informed  in  detail  about  the 
process  and  criteria  for  certifying  vectors?  Are  applicants  for 
approval  of  these  plasmids  now  informed  in  writing  of  actions  by  the 
Advisory  Committee  and  by  the  Director?  Are  other  interested 
researchers  formally  notified  when  a vector  has  been  certified?  What 
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other  ambiguities  in  the  guidelines  or  deficiencies  in  procedure  have 
been  the  subject  of  complaints  or  inquiries  to  NIH?  How  have  these 
problems  been  corrected? 

Second,  it  is  obvious  that  no  one  will  be  held  accountable  if  no  action 
is  taken  with  respect  to  alleged  violations  of  the  guidelines.  Accord- 
ing to  your  testimony,  NIH  officials  first  learned  of  the  UCSF  incident 
from  inquiries  by  the  reporter  for  Science.  Nonetheless,  no  form*1 
inquiry  was  made  to  UCSF  until  October,  after  publication  of  the 
Nicholas  Wade  article.  Finally,  in  characterizing  the  incident  as  a 
failure  of  communication , NIH  evidently  regarded  the  response  from  Drs. 
Cleaver,  Goodman  and  Rutter  as  a full  and  adequate  explanation  requiring 
no  further  investigation. 

Why  did  NIH  make  no  inquiry  or  investigation  in  this  case  until  it  had 
been  widely  publicized?  What  procedures  should  be  followed  in  the 
event  of  future  allegations  of  violations?  Will  researchers  be  given 
adequate  notice  of  these  procedures? 

Third,  perhaps  most  disturbing  is  the  lack  of  clear  responsibility 
within  the  institution  conducting  recombinant  DNA  research.  According 
to  the  testimony,  no  single  individual  was  responsible  for  the  work 
in  question  in  the  extended  absence  of  the  principal  investigator.  Dr. 
Goodman.  Mo  one  was  responsible  for  reporting  the  use  of  the  plasmid 
to  NIH,  and  no  one  was  responsible  for  informing  members  of  the 
institutional  biosafety  committee.  As  a result,  it  is  not  clear  who, 
if  anyone,  approved  the  premature  use  of  pBR322.  Members  of  the 
insulin  research  team  knew  that  the  vector  had  not  been  certified  a 
full  month  before  the  experiments  were  stopped.  The  biosafety 
committee  was  not  informed  of  the  incident  until  three  months  later 
and  their  discussion  at  that  time  appears  to  have  been  perfunctory. 
Neither  the  committee  nor,  apparently,  any  other  member  of  the 
department  reported  the  incident  to  university  or  NIH  officials. 

Do  the  proposed  revisions  of  the  NIH  guidelines  purport  to  ensure 
that  such  incidents  will  be  reported  to  responsible  people  at  the 
institution  who  will  take  appropriate  action?  Will  you  review  the 
proposed  revisions  in  order  to  clarify  further  the  responsibilities 
of  the  head  of  the  institution,  the  principal  investigator,  individual 
researchers,  and  the  chairman  and  members  of  the  biohazards  committee? 

Finally,  it  has  been  suggested  that  the  NIH  Office  of  Recombinant  DNA 
Activities  does  not  have  adequate  staff  to  maintain  close  communication 
with  researchers,  monitor  compliance  with  the  guidelines,  and  undertake 
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whatever  investigations  may  be  necessary,  in  addition  to  its  other 
responsibilities.  Is  this  the  case?  If  so,  are  there  plans  to  increase 
the  ORDA  staff? 

I would  appreciate  your  response  to  these  questions  within  two  weeks 
so  that  we  may  have  this  information  well  in  advance  of  any  considera- 
tion of  recombinant  DNA  legislation  by  the  Senate  next  year.  If  you 
have  any  questions  about  this  request,  please  be  in  touch  with  Dr. 

John  G.  Stewart,  Science,  Technology  and  Space  Counsel,  at  224-335.. 
Thank  you  for  your  assistance. 

Sincerely, 


ADLai  t.  SltVtNSUN,  Chairman 
Subcommittee  on  Science,  Technology 


and  Space 
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The  Honorable  Adlai  E.  Stevenson 
Chairman,  Subcomm.ittae  on  Science, 

Technology,  and  Space 
Committee  on  Commerce,  Science, 
and  Transportation 
United  States  Senate 
Washington,  D.C.  20510 

Dear  Senator  Stevenson: 

In  a letter  dated  November  30,  1977,  you  asked  me  several  questions 
concerning  the  National  Institutes  of  Health  (NTH)  Guidelines  for 
the  conduct  of  Recombinant  DNA  Research.  I am  pleased  to  have  the 
opportunity  to  answer  the  questions  you  raised. 

The  documents  for  the  Record  of  the  November  8 hearing  on  recombinant 
DNA  issues  and  the  background  report  that  we  have  provided  to  your 
Committee  are  relevant  to  the  present  inquiry.  The  background  report 
should  be  particularly  useful  in  understanding  NIK’s  efforts  concerning 
recombinant  DNA  research  carried  out  at  the  University  of  California  at 
San  Francisco  (UCSF) . We  are  striving  to  improve  the  NIH  Guidelines  and 
their  implementation  so  that  we  have  a rational  and  workable  system. 

Your  questions  are  divided  into  four  parts.  For  rhe  sake  of  convenience, 
I will  follow  your  format  in  answering  the  questions. 

Part  I 

1.  "...have  [researchers]  been  informed  in  detail  about  the 
process  and  criteria  for  certifying  vectors?" 

Detailed  technical  criteria  for  certifying  host-vector  systems 
as  EK2  are  contained  in  the  NIH  Guidelines.  The  Recombinant 
DNA  Molecule  Pregram  Advisory  Committee  adopted  amplif ications 
of  those  criteria  on  January  15-16,  1977,  for  phage  systems, 
and  on  June  23,  1977,  for  plasmid  systems.  The  criteria  plus 
a list  of  all  certified  EK.2  systems  appear  in  the  Environmental 
Impact  Statement  in  the  Guidelines.  Tne  EIS  was  sent  to  all 
Institutional  Biohazards  Committees  (IBC!s)  in  November  1977. 
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The  same  materials  will  be  published  in  an  upcoming  issue  of 
the  Recombinant  DMA.  Technical  Bulletin. 


NIH  has  endeavored  to  keep  all  researchers  involved  in 
recombinant  DMA  research  informed  of  relevant  actions 
through  the  IBC's  and  througn  direct  communications.  For 
example,  on  November  26,  1976,  NIH  sent  a memorandum  to 
all  IBC's  informing  them  of  policies  concerning  recombinant 
DNA  research.  The  memorandum  stated  that  only  one  EK2 
host-vector  system  had  been  approved  and  that,  while  several 
others  were  under  review,  they  had  not  yet  "been  certified 
by  the  NT11."  The  memorandum  continued:  "When  EK2  host-vector 

systems  are  certified,  you  will  be  notified  and  their  avail- 
ability will  be  announced  in  the  Nucleic  Acid  Recombinant 
Scientific  Memoranda  (NARSfl)  . " NARSH  has  been  superseded  by 
the  Bulletin . The  November  26  memorandum  concludes  with  the 
statement  that  the  ISC's  are  responsible  for  informing 
researchers  at  their  institutions  of  NIH  policies. 

2.  "Are  applicants  for  approval  of  these  [EK2]  plasmids  now 
informed  ir  writing  of  actions  by  the  Advisory  Committee  and 
by'  the  Director?" 

When  an  EK2  host-vector  system  is  approved,  the  applicant  is 
sent  a copy'  of  the  certification  memo  signed  by  the  Director,  NIH. 

3.  "Are  other  interested  researchers  formally  notified  when  a 
vector  has  been  certified?" 

Whenever  an  EK2  host-vector  system  has  been  certified,  NIH 
sends  a list  of  all  certified  EK2  host-vector  systems  to  all 
IEC's.  Additionally,  future  lists  will  be  published  in 
the  Bulletin  which  goes  to  all  IBC's  and  scientific  societies 
both  hero  and  abroad. 

4.  "Wliat  other  ambiguities  [other  than  the  certification  process] 
have  been  the.  subject  of  complaints  or  inquiries  to  NIH?" 

There  have  been  some  questions  about  interpretations  of  the 
Guidelines  and  also  about  the  speed  of  approval  of  Memoranda 
of  Understanding  and  Agreements. 

5.  "How  have  these  problems  been  corrected?" 

The  normal  grant  process  which  averages  nine  months  has  been 
delayed  by  less  than  two  days  which  we  feel  is  not  an  undue 
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delay  considering  the  subject  matter.  As  to  differences  of 
opinion  over  interpretations  of  the  Guidelines,  we  have  confi- 
dence that  the  NIH  staff  has  taken  the  appropriate  action  when 
asked  for  such  interpretations.  Complex  interpretations  are 
referred  to  the  Recombinant  DMA  Molecule  Program  Advisory 
Committee  and/or  the  executive  Fecorcbinant  DNA  Advisory  Committee 
prior  to  rendering  an  opinion. 

Part  il 

6.  "Why  did  NIH  make  no  inquiry  or  investigation  in  this  case 
until  it  had  been  widely  publicized?" 

NIH's  Office  of  Recombinant  DNA  Activities  (ORDA)  first 
learned  on  September  9,  1977,  of  an  alleged  violation  of  the 
Guidelines  at  UCSF,  and  that  the  research  had  been  terminated 
and  no  imminent  hazard  currently  existed.  On  September  9, 

Dr.  William  Gartland,  Director,  ORDA,  called  UCSF  to  inquire 
about  the  allegations.  A meeting  was  arranged  for  September  29 
between  NIH  and  UCSF  personnel.  Following  the  meeting,  it  was 
decided  that  there  were  sufficient  grounds  to  support  an  official 
inquiry,  and  on  October  11,  1977,  a letter  was  sent  to  UCSF 
requesting  a report  of  the  incident.  After  response  to  the 
October  11  letter  was  received,  NIH,  on  Decmeber  1,  sent  another 
letter  to  UCSF  requesting  a further  report. 

7.  "What  procedures  should  be  followed  in  the  event  of  future 
allegations  of  violations?" 

The  IBC  is  the  proper  body  to  conduct  an  investigation  of 
such  allegations.  If  the  IBC  investigation  is  unsatisfactory, 
or  if  time  factors  require  quick  action,  NIH  may  intercede 
directly. 

8.  "Will  researchers  be  given  adequate  notice  of  these  procedures?" 

HEW  has  had  the  long-standing  authority  to  monitor  the  progress 
of  its  grants  and  has  exercised  this  authority  in  the  past.  A 
restatement  of  this  authority  may  be  included  in  the  revised 
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Part  III 

9.  "Do  the  proposed  revisions  of  the  KIH  Guidelines  purport  to 
ensure  that  such  incidents  will  be  reported  to  responsible 
people  at  the  institution  who  will  take  appropriate  action?" 

The  relevant  sections  of  the  Guidelines  are  being  reviewed 
and  au  effort  is  being  made  to  clarify  the  responsibilities 
of  the  researcher  and  the  IBC  and  to  improve  and  strengthen 
the  reporting  mechanisms. 

10.  "Will  you  review  the  proposed  revisions  in  order  to  clarify 
further  the  responsibilities  of  the  head  of  the  institution., 
the  principal  investigator,  individual  researchers,  and  the 
chairman  and  members  of  the  Biohazards  Committee? " 

Yes,  most  assuredly. 

Part_IV 


11.  Is  CRDA  adequately  staffed? 

Since  ORDA's  workload  is  in  large  part  dictated  by  the  number 
of  grant  applications  involving  recombinant  D?!A  techniques, 
it  is  difficult  to  gauge  the  size  of  the  effort  needed  to 
cope  with  the  work.  GKDA  has  been  steadily  increasing  in 
size,  and  we  feel  that  for  the  near  future  no  further  expan- 
sion is  necessary.  CRDA  has  a Director,  a scientist  assist?-  , 
a half-time  scientist  assistant,  an  administrative  assistant, 
and  three  secretaries.  In  addition,  we  are  attempting  to 
hire  another  full-time  scientist  assistant. 

12.  "...are  there  plans  tc  increas  the  ORDA  staff?" 

See  answer  #11. 


I hope  our  answers  are  helpful.  If  we  can  be  of  any  further 
assistance,  please  contact  us. 


Sincerely  yours, 


Donald  S.  Fredrickson,  M.D. 
Director 


[For  further  background  documents  on  this  subject,  please  contact 
Dr.  Wm.  Gartland,  Office  of  Recombinant  DNA  Activities,  NIH, 
Building  31,  Room  4A52.] 
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COMMITTEE  ON  HUMAN  RESOURCES 
WASHINGTON.  D C.  20510 


May  2,  1978 


Donald  S.  Fredrickson,  M.D. 

Director 

National  Institutes  of  Health 
Bethesda,  Maryland  20014 

Dear  Dr.  Fredrickson: 

Some  U.S.  scientists  have  claimed  that  (1)  scientifi- 
cally and  medically  important  work  that  is  proscribed  by 
the  National  Institutes  of  Health  recombinant  DNA  guidelines 
or  is  effectively  precluded  by  the  level  of  containment 
required  in  this  country  is  proceeding  rapidly  in  other 
nations,  and  that  the  United  States  is  consequently  falling 
behind  in  certain  major  areas  of  recombinant  DNA  research, 
and  (2)  newly  implemented  NIH  administrative  regulations 
that  require  scientists  to  obtain  approval  from  the  Office 
of  Recombinant  DNA  Activities  for  minor  modification  of  an 
approved  experimental  protocol  have  led  to  prolonged  delays 
in  carrying  out  experiments  permitted  by  the  guidelines. 

In  considering  the  effects  of  the  proposed  recombinant  DNA 
legislation  on  scientific  research  in  this  area,  it  would 
be  useful  to  have  answers  to  the  following  questions: 

1.  Is  recombinant  DNA  research  currently  going  on 
in  nations  where  guidelines  for  this  research  are  not  in 


2.  Are  there  some  nations  that  do  not  intend  to 
promulgate  special  guidelines  for  recombinant  DNA  research? 

3.  Are  there  some  nations  where  observance  of  guide- 
lines is  entirely  voluntary? 

4.  How  many  nations  have  legally  enforceable  guide- 
lines, and  what  are  these  nations? 

5.  How  do  the  guidelines  of  the  major  scientifically 
advanced  nations  in  Western  Europe,  Eastern  Europe,  and 
Asia  compare  with  those  of  the  United  States?  Are  there 
less  or  greater  restrictions  on  the  research? 


effect? 
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6.  Is  it  correct  that  non-E.  col i organisms  are  being 
used  at  present  in  other  nations  for  recombinant  DNA  exper- 
iments aimed  at  the  development  of  new  antibiotics,  the 
design  of  plants  that  can  grow  without  fertilizer,  and  the 
construction  of  microbes  capable  of  providing  new  sources  of 
energy  from  the  biomass  --  whereas  the  United  States  guide- 
lines have  prevented  similar  experiments  from  being  carried 
out  in  this  country? 

7.  Is  the  development  of  vaccines  to  fight  viruses 
that  are  responsible  for  serious  medical  problems  being 
prevented  by  the  current  NIH  guidelines?  Are  such  experi- 
ments permissible  elsewhere? 

8.  It  has  been  claimed  that  recombinant  DNA  methods 
provide  a way  of  reducing  the  risk  of  working  with  a number 
of  medically  important,  disease-producing  microbes.  What 
is  your  view  of  this  claim?  If  true,  can  work  on  such 
diseases  be  carried  out  more  safely  abroad  by  using  recom- 
binant DNA  than  in  the  United  States  by  using  the  disease- 
producing  microbes  themselves? 

9.  To  what  extent  does  the  NIH  review  process  utilize 
a "case  law"  approach  for  upgrading  or  downgrading  the 
initial  judgmental  appraisals  of  the  level  of  containment 
required  for  particular  experiments? 

10.  Is  it  correct  that  the  newly  implemented  NIH 
administrative  regulations  require. that  approval  be  obtained 
from  the  Office  of  Recombinant  DNA  Activities  in  order  for  a 
scientist  to  carry  out  minor  modifications  of  an  experiment 
protocol,  regardless  of  the  level  of  risk  involved  in  the 
experiment?  How  many  people  in  the  Office  of  Recombinant 
DNA  Activities  are  involved  in  reviewing  such  requests? 

What  are  the  qualifications  and  training  of  these  persons? 
What  is  the  "turn-around"  time  for  decisions  of  this  type 

to  be  made  (range  and  average)?  Is  it  true  that  some 
research  is  being  brought  to  a halt  because  the  awarding 
of  scientifically  approved  grants  is  being  delayed  by  the 
NIH  by  the  current  administrative  process? 

11.  What  would  be  the  effects  of  legislation  that 
extends  the  scope  of  this  administrative  process  to  all 
research  in  this  country?  How  many  individuals  would  be 
required  for  reviewing  and  approving  initial  Memoranda  of 
Understanding  and  Agreement  and  any  subsequent  modifications 
in  protocols? 
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12.  Have  the  newly  implemented  NIH  administrative 
procedures  taken  awray  any  of  the  responsibility  for  review 
from  local  committees? 

13.  Is  there  any  safety  advantage  to  the  U.  S.  public 
in  having  tighter  controls  on  the  research  in  this  country 
than  are  applicable  in  other  major  nations? 

I would  appreciate  your  respo  t May  20. 


Since 


Edward  M.  Kennedy 
Chairman 

Senate  Subcommittee  on  Health 


and  Scientific  Research 


EMK : lhk 
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DEPARTMENT  OF  HEALTH.  EDUCATION.  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OP  HEALTH 
BETHESOA  MARYLAND  20014 


May  22,  1978 


The  Honorable  Edward  M.  Kennedy 
Chairman,  Subcommittee  on  Health 
and  Scientific  Research 
Committee  on  Human  Resources 
United  States  Senate 
Washington,  D.C.  20510 

Dear  Mr.  Chairman: 

I am  writing  in  response  to  your  letter  of  May  2.  Enclosed  are  my 
responses  to  the  series  of  questions  on  which  you  requested  my  views. 
Several  of  your  questions  center  on  the  conduct  of  recombinant  DNA 
research  under  the  NIH  Guidelines  as  compared  to  the  conduct  of  this 
research  in  other  countries.  As  you  may  know,  the  Federal  Interagency 
Committee  on  Recombinant  DNA  Research  prepared  an  extensive  survey  of 
international  recombinant  DNA  research  activities  which  was  submitted  in 
a report  to  the  Secretary  in  November  1977.  Many  of  my  responses  to 
your  questions  are  based  on  the  information  contained  in  the  report,  and 
I am  enclosing  a copy  for  your  review. 

To  the  best  of  my  knowledge,  all  nations  in  which  recombinant  DNA  research 
is  being  conducted  either  have  adopted  or  expect  to  adopt  some  form  of 
safety  guidelines,  although  no  nation  has  enacted  legislation  or  imple- 
mented overt  regulations  to  date.  In  some  countries,  such  as  Switzerland, 
the  NIH  guidelines  are  the  model.  In  others,  the  United  Kingdom  (UK) 
guidelines  are  being  used.  In  still  others  like  France,  West  Germany, 
and  Canada,  separate  guidelines  similar  in  concept  to  the  NIH  and  UK 
guidelines  have  been  promulgated.  There  are  variances,  however,  that 
permit  experiments  to  proceed  in  some  countries  of  Western  Europe  that 
are  restricted  under  the  current  NIH  Guidelines.  Much  of  this  variance 
is  based  on  the  "Case  Law"  approach  of  the  United  Kingdom  Guidelines 
whereby  standards  are  set  for  individual  experiments.  Under  the  current 
NIH  Guidelines,  such  flexibility  does  not  exist.  As  you  know,  we  are 
completing  proposed  revisions  to  the  NIH  Guidelines.  Several  of  the 
proposed  revisions  permit  flexibility,  and  I describe  such  draft  proposals 
more  fully  in  my  answers  to  your  questions. 
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Page  2 - The  Honorable  Edward  M.  Kennedy 


Several  of  your  questions  are  also  directed  to  the  NIH  document  published 
in  the  NIH  Guide  to  Grants  and  Contracts  in  October  1977  that  clarifies 
the  roles  and  responsibilities  of  the  NIH  and  local  institutions  for  the 
implementation  of  the  NIH  Guidelines.  This  document  was  not  intended  to 
require  NIH  approval  for  all  modifications  of  research  protocols.  But 
unfortunately,  it  could  be,  and  in  some  places  has  been,  literally 
interpreted  that  way.  I have  received  a number  of  questions  requiring 
clarification  of  what  modifications  would  require  prior  approval.  As 
explained  in  my  answers  to  your  questions,  I am  considering  revisions 
that  would  delegate  far  greater  authority  to  the  local  institutional 
biohazards  committees  for  review,  approval,  and  monitoring  of  all 
recombinant  DNA  research. 

Your  questions  raise  important  policy  matters,  all  of  which,  I believe, 
we  are  addressing  in  the  revisions  of  the  NIH  Guidelines  under  considera- 
tion. I would  like  to  emphasize  the  extreme  importance  that  I attach  to 
having  revisions  completed  on  the  NIH  Guidelines  before  legislation  is 
passed  and  regulations  implemented.  The  revisions  under  consideration 
include  changes  for  which  there  is  overwhelming  sentiment.  This  was 
apparent  at  the  lengthy  hearing  of  the  Advisory  Committee  to  the  Director, 
NIH,  in  December,  devoted  to  a public  review  of  the  revisions  proposed 
by  the  Recombinant  Advisory  Committee  (RAC).  As  requested  at  the  hearing, 
several  workshops  have  been  held  and  another  meeting  of  the  RAC  held  in 
April  to  improve  the  revisions  proposed  earlier.  My  decision  on  the 
revisions,  along  with  an  environmental  impact  assessment,  should  be 
completed  in  June  and  promulgated  for  public  comment  for  at  least  30 
days. 

Thus,  we  are  moving  to  promulgate  these  revisions  as  rapidly  as  is 
consistent  with  the  Administrative  Procedures  and  Practices  Act,  so  that 
we  can  avoid  the  conversions  of  the  current,  outdated  Guidelines  to 
standards  under  the  legislation.  Enactment  of  legislation  prior  to 
completion  of  this  process  would  put  in  abeyance  the  enormous  effort 
over  the  past  year  and  a half  to  develop  the  necessary  revisions  in  the 
standards  and  implementation  of  the  Guidelines. 

Thank  you  for  this  inquiry.  I would  be  more  than  happy  to  discuss  with 
you  any  further  questions  you  may  have  specifically  concerning  my  responses 
to  your  questions  or  to  NIH  policies  regarding  recombinant  DNA  research. 


Sincerely  yours. 


Donald  S.  Fredrickson,  M.D. 
Director 


Enclosures 
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RESPONSES  BY  DR.  FREDRICKSON  TO  QUESTIONS  POSED  BY  EDWARD  M.  KENNEDY, 
CHAIRMAN,  SENATE  SUBCOMMITTEE  ON  HEALTH  AND  SCIENTIFIC  RESEARCH 


1.  Is  recombinant  DNA  research  currently  going  on  in  nations  where 
guidelines  for  this  research  are  not  in  effect? 

A.  As  we  can  best  determine,  all  nations  where  recombinant  DNA  research 
is  being  conducted  have  adopted  or  intend  to  adopt  some  form  of  safety 
practices  and  procedures.  As  of  the  summer  of  1977,  there  were  an 
estimated  150  recombinant  DNA  projects  under  way  in  Europe,  300  in  the 
United  States,  and  perhaps  20-25  altogether  in  Canada,  Australia,  Japan, 
and  the  Soviet  Union.  An  extensive  survey  of  these  international 
activities  appears  in  the  Report  of  the  Federal  Interagency  Committee  on 
Recombinant  DNA  Research:  International  Activities  (see  pages  16-34). 

2.  Are  there  some  nations  that  do  not  intend  to  promulgate  special 
guidelines  for  recombinant  DNA  research? 

A.  Nations  differ  in  their  perceptions  of  the  need  to  adopt  safety 
measures  and  of  the  nature  of  these  measures.  In  some  countries,  such 
as  Switzerland,  the  NIH  Guidelines  are  the  model.  In  others,  the  United 
Kingdom  Guidelines  are  being  used,  and  a blending  of  the  two  is  common 
in  other  countries.  (The  United  Kingdom  Guidelines  appear  as  Appendix 
IV  in  the  Interagency  Report.)  All  nations  that  we  have  heard  are 
conducting  some  of  this  research  have  adopted  or  intend  to  adopt  some 
form  of  guidelines  to  govern  recombinant  DNA  research. 

3.  Are  there  some  nations  where  observance  of  guidelines  is  entirely 
voluntary? 

A.  Generally  countries  where  recombinant  DNA  research  is  conducted 
require  that  Federal  grantees  receiving  funds  from  the  government 
conform  to  certain  guidelines  while  allowing  conformance  by  private 
industry  to  be  voluntary.  However,  Switzerland  has  a completely  voluntary 
system.  The  Swiss  Academy  of  Medical  Sciences  has  recommended  that 
Swiss  researchers  follow  the  U.S.  Guidelines  on  a voluntary  basis,  and 
the  Academy  has  established  a voluntary  registry  for  both  public  and 
private  sectors. 

4.  How  many  nations  have  legally  enforceable  guidelines,  and  what  are 
these  nations? 

A.  At  present  no  nation  has  enacted  legislation  or  implemented  overt 
regulations  to  govern  this  research.  In  the  United  Kingdom,  the  Health 
and  Safety  Executive  (an  agency  with  functions  comparable  to  the  Occupational 
Safety  and  Health  Administration  in  the  U.S.)  issued  draft  regulations 
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in  1976  on  safety  standards  for  this  research.  Final  regulations  may  be 
implemented  in  October  1978.  In  addition,  the  European  Economic  Community 
(EEC)  is  currently  considering  a directive  that  would  require  each 
member  state  to  establish  its  own  administrative  mechanism  to  ensure 
that  all  recombinant  DNA  research  is  subject  to  national  guidelines. 

5.  How  do  the  guidelines  of  the  major  scientifically  advanced  nations 
in  Western  Europe,  Eastern  Europe,  and  Asia  compare  with  those  of  the 
United  States?  Are  there  less  or  greater  restrictions  on  the  research? 

A.  In  large  part,  the  physical  and  biological  containment  standards  are 
comparable,  but  there  are  differences  among  the  various  countries  in  the 
assignment  and  interpretation  and  application  of  those  standards  to 
individual  experiments.  The  guidelines  of  the  United  Kingdom  in  large 
part  are  implemented  on  a case-by-case  basis  by  a national  committee. 

This  model  is  used  in  several  of  the  Western  European  countries.  Thus, 
each  national  committee  can  apply  standards  for  an  individual  experiment 
that  may  vary  from  the  standards  of  the  others  and  particularly  from  the 
NIH  Guidelines  where  little  flexibility  is  offered  to  deviate  from  the 
explicit  standards. 

Variations  in  the  application  of  certain  standards  involve,  for  example, 
the  use  of  DNA  from  primates  in  recombinant  DNA  experiments.  For  example, 
the  NIH  Guidelines  stipulate  such  work  must  generally  be  done  at  the 
P4+EK2  or  P3+EK3  levels.  (Under  certain  well  defined  and  circumscribed 
conditions,  these  containment  levels  may  be  lowered.)  Work  could  proceed 
only  with  great  difficulty  because  there  are  no  certified  EK3  host- 
vector  systems  at  present,  and  the  only  P4  facility  in  the  U.S.  for 
recombinant  DNA  research  is  at  the  NIH’s  Frederick  Cancer  Research 
Center  that  has  only  now  begun  operation.  In  France,  for  this  work,  the 
standards  are  P3+EK1  or  P2+EK2  (P3  is  defined  slightly  differently  than 
in  the  NIH  Guidelines),  and  such  experiments  have  been  able  to  be  performed. 
Thus,  variation  in  application  has  resulted  in  some  research  proceeding 
in  Europe  that  could  not  be  done  in  the  U.S.  It  should  be  noted  that 
such  variation  only  rests  on  estimates  of  potential  hazard  and  not  on  a 
demonstrable  risk. 

6.  Is  it  correct  that  non-El.  coli  organisms  are  being  used  at  present 
in  other  nations  for  recombinant  DNA  experiments  aimed  at  the  develop- 
ment of  new  antibiotics,  the  design  of  plants  that  can  grow  without 
fertilizer,  and  the  construction  of  microbes  capable  of  providing  new 
sources  of  energy  from  the  biomass — whereas  the  United  States  guidelines 
have  prevented  similar  experiments  from  being  carried  out  in  this  country? 

A.  U.S.  scientists  who  returned  from  the  Workshop  on  "Plasmids  and 
Other  Extrachromosomal  Genetic  Elements"  sponsored  by  the  European 
Molecular  Biology  Organization,  held  April  1-5,  1978,  at  the  Max  Planck 
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Institute  for  Molecular  Genetics,  reported  that  recombinant  DNA  experi- 
ments are  proceeding  in  a number  of  European  countries,  approved  by 
responsible  national  bodies,  using  bacterial  organisms  other  than 
E.  coli  K-12.  Many  of  these  experiments  are  prevented  by  the  current 
NTH  Guidelines,  but  would  be  permitted  under  the  Revised  NTH  Guidelines 
currently  being  prepared. 

7.  Is  the  development  of  vaccines  to  fight  viruses  that  are  responsible 
for  serious  medical  problems  being  prevented  by  the  current  NIH  guidelines? 
Are  such  experiments  permissible  elsewhere? 

A.  Possible  vaccine  development  by  means  of  recombinant  DNA  research 
techniques  has  been  restricted  by  the  NTH  Guidelines.  For  example,  work 
with  the  influenza  virus  under  the  NIH  Guidelines  largely  must  be  done 
in  a P4  containment  facility.  As  noted  in  my  response  to  question  6, 
the  only  P4  facility  in  the  U.S.  for  recombinant  DNA  research  that  has 
recently  become  operational  is  that  of  the  NTH.  Under  proposed  revisions 
to  the  Guidelines,  lower  containment  levels  would  be  assigned  for  this 
work  that  would  permit  research  to  proceed. 

8.  It  has  been  claimed  that  recombinant  DNA  methods  provide  a way  of 
reducing  the  risk  of  working  with  a number  of  medically  important, 
disease-producing  microbes.  What  is  your  view  of  this  claim?  If  true, 
can  work  on  such  diseases  be  carried  out  more  safely  abroad  by  using 
recombinant  DNA  than  in  the  United  States  by  using  the  disease-producing 
microbes  themselves? 

A.  Employing  recombinant  DNA  techniques  for  work  with  disease-producing 
microbes  will  significantly  reduce  the  hazard  because  it  is  generally 
agreed  that  working,  for  example,  with  small  segments  of  genes  from  such 
microbes  inserted  in  E,  coli  K-12  is  much  safer  than-  working  with  the 
microbe  itself.  This  applies  equally  to  work  with  disease-producing 
viruses  as  reported  in  a joint  U. S . /European  Molecular  Biology  Organiza- 
tion Workshop  that  was  convened  in  England  in  January  to  assess  risks 
for  recombinant  DNA  experiments  involving  the  genes  of  animal,  plant, 
and  insect  viruses.  Presumably  some  such  work  can  be  done  more  easily 
in  Europe  than  in  the  United  States. 

9.  To  what  extent  does  the  NIH  review  process  utilize  a "case  law" 
approach  for  upgrading  or  downgrading  the  initial  judgmental'  appraisals 
of  the  level  of  containment  required  for  particular  experiments? 

A.  Under  the  current  NIH  Guidelines,  the  "case  law"  approach  is  only 
used  when  interpretations  of  the  Guidelines  are  requested  for  individual 
experiments.  Guidelines  were  developed  to  set  standards  for  general 
classes  of  experiments  rather  than  determining  standards  for  each 
experiment  on  a case-bv-case  basis. 
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The  current  Guidelines  provide  little  discretion  for  considering  possible 
modification  of  these  standards  for  individual  experiments.  Under  the 
proposed  revisions  of  the  Guidelines  currently  under  consideration,  such 
discretion  would  be  provided  in  conformance  with  certain  standards  and 
procedures.  For  such  purposes,  there  will  be  a review  of  individual 
cases  by  the  NIH. 

10.  Is  it  correct  that  the  newly  implemented  NIH  administrative  regula- 
tions require  that  approval  be  obtained  from  the  Office  of  Recombinant 
DNA  Activities  in  order  for  a scientist  to  carry  out  minor  modifications 
of  an  experiment  protocol,  regardless  of  the  level  of  risk  involved  in 
the  experiment?  How  many  people  in  the  Office  of  Recombinant  DNA 
Activities  are  involved  in  reviewing  such  requests?  What  are  the 
qualifications  and  training  of  these  persons?  What  is  the  "turn-around" 
time  for  decisions  of  this  type  to  be  made  (range  and  average)?  Is  it 
true  that  some  research  is  being  brought  to  a halt  because  the  awarding 
of  scientifically  approved  grants  is  being  delayed  by  the  NIH  by  the 
current  administrative  process? 

A.  In  October  1977,  a document  was  published  in  the  NIH  Guide  to  Grants 
and  Contracts  to  clarify  the  roles  and  responsibilities  of  the  NIH  and 
local  institutions  for  the  implementation  of  the  NIH  Guidelines.  The 
document  was  not  intended  to  require  NIH  approval  for  all  modifications 
of  a research  protocol,  although  it  could  be  read  that  way  literally. 

NIH  has  received  a number  of  letters  requiring  clarification  of  what 
modifications  would  require  prior  approval,  and  we  are  considering  these 
requests  as  part  of  our  revisions  to  the  NIH  Guidelines.  Indeed,  a 
possible  revision  is  one  that  would  permit  research  to  proceed  once  the 
local  institutional  biohazards  committee  has  given  its  approval.  Actions 
by  the  IBC,  however,  will  be  reviewed  at  the  NIH  to  ensure  these  actions 
are  in  compliance  with  the  Guidelines.  It  will  be  the  responsibility  of 
the  local  institution  and  the  principal  investigator  to  modify  the 
protocol  if  the  NIH  determines  standards  for  the  Guidelines  have  not 
been  met. 

In  terms  of  current  NIH  implementation,  all  new  grant  applications  go 
through  a nine-month  process  of  evaluation  by  the  NIH  peer  review  system. 
Review  of  Memoranda  of  Understanding  and  Agreement  for  grants  involving 
recombinant  DNA  experiments  by  the  Office  of  Recombinant  DNA  Activities 
(ORDA)  takes  approximately  two  to  five  days.  In  circumstances  where 
ongoing  research  grants  are  being  modified  for  purposes  of  recombinant 
DNA  research,  review  by  ORDA  generally  is  completed  in  two  to  five  days. 
However,  there  have  been  unfortunate  delays,  often  of  several  weeks, 
sometimes  up  to  two  months,  before  the  modified  protocol  is  transmitted 
from  the  local  institutions  through  the  individual  Institutes  of  the  NIH 
prior  to  receipt  by  ORDA.  Currently,  two  individuals  are  responsible 
for  reviewing  all  MUA’s  in  ORDA.  Both  are  scientists  with  a background 
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in  molecular  biology.  Despite  position  restrictions,  we  are  seeking 
more  help  for  ORDA.  There  is  no  question,  however,  that  the  Guidelines 
administration  will  be  revised  along  with  the  standards,  in  order  to 
minimize  delays  and  confusion. 

11.  What  would  be  the  effects  of  legislation  that  extends  the  scope  of 
this  administrative  process  to  all  research  in  this  country?  How  many 
individuals  would  be  required  for  reviewing  and  approving  initial 
Memoranda  of  Understanding  and  Agreement  and  any  subsequent  modifications 
in  protocols? 

A.  If  prior  approval  were  required  at  the  national  level  for  all 
recombinant  DNA  research  protocols  including  modifications,  whether 
major  or  minor,  an  enormous  and  unnecessary  regulatory  burden  would  be 
placed  on  the  Federal  agfency  responsible  for  administration.  The  intent 
of  the  October  1977  document  promulgating  NIH  procedures  was  to  clarify 
when  prior  approval  was  required;  for  example,  modifications  in  the 
source  of  DNA  to  be  used  or  in  the  use  of  a new  host-vector  system. 

12.  Have  the  newly  implemented  NIH  administrative  procedures  taken  away 
any  of  the  responsibility  for  review  from  local  committees? 

A.  The  document  published  in  the  NIH  Guide  to  Grants  and  Contracts  in 
October  1977  did  not  affect  the  authority  of  the  local  institutional 
biohazards  committees  under  the  current  Guidelines.  The  original 
drafters  of  the  Guidelines  did  not  favor  leaving  responsibility  for 
project  review  to  the  institutional  committees.  However,  under  considera- 
tion is  a proposed  revision  to  the  Guidelines  that  would  delegate 
authority  to  the  local  biohazards  committees  for  review,  approval,  and 
monitoring  of  all  recombinant  DNA  research,  subject  to  NIH  review,  as 
explained  in  the  answer  to  question  10. 

13.  Is  there  any  safety  advantage  to  the  U.S.  public  in  having  tighter 
controls  on  the  research  in  this  country  than  are  applicable  in  other 
major  nations? 

A.  There  is  no  safety  advantage  to  having  greater  restrictions  imposed 
on  this  research  in  the  U.S.  than  are  applicable  in  other  major  nations. 
Scientific  evidence  over  the  past  year  and  a half  has  demonstrated  the 
safety  df  much  of  the  work  involving  recombinant  DNA  research  with  E). 
coli  K-12.  There  is  a general  international  scientific  consensus, 
however,  that  safety  standards  and  procedures  should  continue  for 
certain  experiments  until  scientific  evidence  is  presented  on  the  safety 
or  demonstrable  hazards  involved  in  this  work. 
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A Brief  Summary  of  the  Case 
Friends  of  the  Earth  v.  Caiifano  et  al. 


A suit  was  filed  in  the  Federal  District  Court,  New  York,  by  the 
Friends  of  the  Earth  against  Secretary  of  Health,  Education,  and  Welfare 
Joseph  A.  Caiifano  et  al . , alleging  statutory  violations  in  developing 
policies  regarding  recombinant  DNA  research.  The  petition  cited  that 
DHEW/NIH — 

1 . Failed  to  comply  with  the  requirements  of  the  National  Environ- 
mental Policy  Act  (NEPA)  with  respect  to  (a)  funding  of  recombinant  DNA 
research,  (b)  promulgation  of  the  NIH  Guidelines,  and  (c)  proposing 
national  legislation  to  regulate  recombinant  DNA  activities; 

2.  Violated  the  Administrative  Procedures  Act  in  developing  and 
implementing  the  NIH  Guidelines;  and 

3.  Violated  the  Federal  Advisory  Committee  Act  with  respect  to 
the  creation  and  operation  of  the  Recombinant  Advisory  Committee. 

The  Government  filed  a response  on  July  8,  1977.  Since  that 
date,  no  further  action  has  been  taken  by  either  party  in  the  court 
proceedings . 
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NOTICES 
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RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Notice  of  Mooting 

Pursuant  to  Pub.  L.  92-403.  notice  Is 
hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad- 
visory Committee  on  February  28.  1975, 
at  the  Bellevue  Hotel,  Capri  Room,  505 
Genrv  Street.  San  Francisco.  California 
94102. 

'•'he  entire  meeting  will  be  open  to  the 
public  from  9 am.  to  adjournment  to 
discuss:  the  role  of  the  committee,  the 
status  of  research  in  the  field,  research 
studies  required,  the  mochanLsms  by 
which  such  studies  should  be  supported, 
and  Lite  identification  of  facilities  and 
resources  needed  in  their  performance. 
Attendance  by  the  public  will  be  limited 
to  space  available. 

Dr.  William  J.  Gar  Hand,  Executive 
Secretary.  National  Institutes  of  Health. 
Westwood  Building.  Room  920.  Bethesda. 
Maryland  2001  1.  telephone  <301)  49G- 
7711.  will  provide  summaries  of  the  meet- 
ing, rosters  of  committee  members  and 
substantive  program  information. 

Dato'd:  January  10.  1975. 

Suzanne  L.  Fremiau, 
CommiUc:  Management  Officer. 
|FH  Dnr  75  IP87  Fllol  1 21-75.0  45  nm] 
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NOTICE" 


14965 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad- 
visory Committee  on  May  12-13,  1975,  at 
the  Holiday  Inn,  Pennsylvania  Room, 

8120  Wisconsin  Avenue,  Bethesda,  Mary- 
land 20014. 

The  entire  meeting  will  be  open  to  the 
public  each  day  from  9 a.m.  to  adjourn- 
ment to  discuss:  the  status  of  research 
in  the  field,  research  studies  required, 
the  mechanisms  by  which  such  studies 
should  be  supported,  and  the  identifica- 
tion of  facilities  and  resources  needed  in 
their  performance.  Attendance  by  the 
public  will  be  limited  to  space  available. 

• Dr.  William  J.  Gartland,  Executive 

-Secretary.  National  Institutes  of  Health, 
Westwood  Building.  Room  920.  Bethesda, 
Maryland  20014.  telephone  (301)  496- 
7714,  will  provide  summaries  of  the  meet- 
ing. rosters  of  committee  members  and 
substantive  program  information. 

Dated:  March  28.  1975. 

R.  W.  Lamont-Havers. 

Acting  Director, 

National  Institutes  of  Health. 

[FR  Doc.75  8720  Filed  4-2-75:8:45  am) 
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NOTICES 


2176-1 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463.  notice  is 
hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad- 
visory Committee  on  July  18-19,  1975, 
at  the  National  Academy  of  Sciences 
Summer  Study  Center,  Woods  Hole, 
Massachusetts  02543. 

The  entire  meeting  will  be  open  to  the 
public  each  day  from  9 am.  to  adjourn- 
ment to  discuss:  the  status  of  research 
In  the  Held,  research  studies  required, 
the  mechanisms  by  which  such  studies 
should  be  supported,  and  the  identifica- 
tion of  facilities  and  resources  needed  in 
their  performance.  Attendance  by  the 
public  will  be  limited  to  space  available. 

Dr.  William  J.  Gartland.  Executive 
Secretary.  National  Institutes  of  Health, 
Westwood  Building.  Room  920,  Bethesda, 
Maryland  20014,  telephone  (301)  496- 
7714.  will  provide  summaries  of  the  meet- 
ing. rosters  of  committee  members  and 
substantive  program  information. 

Dated:  May  27,  1975. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

|FR  Doc.75-15119  FUed  6-9-75;8:45  amj 
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NOTICES 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Amended  Notice  of  Meeting 

Notice  is  hereby  given  of  a change  in 
the  meeting  of  the  Recombinant  DNA 
Molecule  Program  Advisory  Committee, 
which  was  published  in  the  Federal  Reg- 
ister on  June  10,  1975  (40  FR  24764). 

The  entire  meeting  was  to  have  been 
open  to  the  public  on  July  18-19,  1975 
from  9 a.m.  to  adjournment,  but  will  be 
open  to  the  public  from  9 a.m.  on  July  18 
to  10  a.m.  on  July  19,  1975.  The  meeting 
will  be  closed  to  the  public  from  10  a.m. 
to  12  noon  on  July  19,  1975  in  accordance 
with  provisions  set  forth  in  sections 
552(b)(4),  552(b)(5)  and  552(b)(6), 
Title  5,  U.S.  Code  and  section  10(d)  of 
Pub.  L.  92-463,  for  the  review  and  dis- 
cussion of  an  application  under  the  Na- 
tional Research  Service  Awards  program 
involving  recombinant  DNA  molecules 
and  containing  information  of  a propri- 
etary or  confidential  nature,  including  a 
detailed  research  protocol,  design  and 
other  technical  information;  and  per- 
sonal information  concerning  individuals 
associated  with  the  application. 

Dated:  June  27, 1975. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[FR  Doc.75-17234  Filed  7-l-75;8:45  am  | 
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NOTICES 


•I  (i'll  2 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463.  notice  Is 
hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad- 
visory Committee  on  December  4-5.  1975. 
Calypso  Room.  La  Valencia  Hotel.  La 
Jolla.  California  92037. 

The  entire  meeting  will  be  open  to  the 
public  each  day  from  9 a m.  to  adjourn- 
ment to  discuss:  guidelines  for  research 
Involving  recombinant  DNA  molecules, 
the  status  of  research  In  the  field,  re- 
search studies  required,  the  mechanisms 
by  which  such  studies  should  be  sup- 
ported. and  the  Identification  of  facili- 
ties and  resources  needed  In  their  per- 
formance. Attendance  by  the  public  will 
be  limited  to  space  available. 

Dr.  William  J.  Gartland.  Executive 
Secretary.  National  Institutes  of  Health. 
Westwood  Building.  Room  920,  Bcthesda. 
Maryland  20014.  telephone  <301)  496- 
7714,  will  provide  summaries  of  the  meet- 
ing. rosters  of  committee  members  and 
substantive  program  Information. 

Dated:  October  1, 1975. 

Suzanne  L.  Fremeau. 

Committee  Management  Officer, 
National  Institutes  of  Health. 

| FR  Doc.75-2C0A5  Filed  10-6-76.8:45  ami 
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NOTICES 


210) 


Dated:  January  6,  1976. 


Kenneth  M.  Endicott, 

Administrator, 

Health  Resources  Administration. 


[PR  Doc. 76-1 103  Filed  1-13-76:8:45  am] 


National  Institutes  of  Health 

ADVISORY  COMMITTEE  TO  THE  DIRECTOR 
Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  the  meeting  of  the  Advi- 
sory Committee  to  the  Director,  NIH. 
February  9-10.  1976,  National  Institutes 
c • Health.  Building  31,  Conference  Pvoom 
C<\  The  meeting  will  take  place  from  9 
a.:n.  to  5:30  p.m.  on  February  9,  and 
from  9 a.m.  to  1 p.m.  on  February  10. 
T.\e  entire  meeting  will  be  open  to  the 
public. 

The  purpose  of  the  meeting  will  be  to 
consider  proposed  guidelines  and  require- 
ments concerning  recombinant  DNA 
molecule  research  conducted  and  sup- 
ported by  the  NIH,  and  other  policy  is- 
sues of  concern  to  the  Director.  NIH. 
Attendance  by  the  public  will  be  limited 
to  space  available. 

Interested  members  of  the  public  who 
wish  to  make  a written  presentation  con- 
cerning the  proposed  guidelines  to  the 
Committee  may  do  so  by  submitting  a 
docuihent  to  the  Executive  Secretary. 

The  period  from  4-5:30  p.m.  on  Feb- 
ruary will  be  set  aside  for  10  minute 
oral  presentations  to  the  Committee  by 
membe  's  of  the  public.  Approval  of  the 
Execut've  Secretary  must  be  obtained  in 
advance  of  all  oral  presentations. 

The  Executive  Secretary.  Charles  R. 
McCanhy,  Ph.  D.,  National  Institutes  of 
Health.  Building  1,  Room  224,  Bethesaa. 
Maryland  20014.  301-496-14C0.  will 

furnish  copies  of  the  proposed  guidelines 
anc!  luircmenls.  summaries  of  the 
meeting,  rasters  of  committee  members 
and  gi'csts,  and  substantive  program 
information. 

Dated:  January  8, 1975. 

Suzanne  L.  Fremeau, 
Committee  Management  O dicer. 
National  Institutes  of  Health. 

[FR  Doc.76-1076  Filed  1-13-76:8:45  amj 
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NOTICES 


6307 


RECOMBINANT  DNA  MOLECULE 

PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Public  Law  92-463.  notice 
Is  hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad\  i- 
sory  Committee  on  April  1-2.  1 DTo.  9:00 
a jn..  at  the  National  Institutes  of  Health. 
Building  31.  Conference  Room  8.  Ee- 
thesda.  Maryland.  This  meeting  will  be 
open  to  the  public  on  April  1.  from  9:00 
aan.  to  5:00  pm..  and  on  April  2.  from 
11:00  aan.  to  adjournment  to  discuss: 
guidelines  for  research  involving  recom- 
binant DNA  molecules,  the  status  c-f  re- 
search in  the  field,  research  studies  re- 
quired. the  mechanisms  by  v hich  such 
studies  should  be  supported,  and  the 
identification  of  facilities  and  resources 
needed  in  their  performance.  Attendance 
by  the  public  will  be  limited  to  space 
available. 

In  accordance  with  the  provisions  set 
forth  in  Sections  552*b)<4'.  552'b)'5> 
and  5521  b)  (6) , Title  5.  US.  Code  and 
Section  10'  d>  of  P.L.  92-4c3.  the  meet- 
ing will  be  closed  to  the  public  on  April  2 
from  9:00  a.m.  to  11:00  a m.  for  the  re- 
view of  individual  Initial  pending  ar.d 
renewal  grant  proi>osals.  The  clo-'d  por- 
tion of  the  meeting  involves  sol*.l7  me 
internal  expression  of  views  and  judg- 
ments of  committee  members  on  indi- 
vidual grant  proposals  containing  de- 
tailed research  protocols,  designs,  and 
other  technical  information:  financial 
da'.a,  such  as  salaries:  and  personal  in- 
formation concerning  individuals  asso- 
ciated with  the  proposals. 

Dr.  William.  J.  Gartland.  Executive 
Secretary.  National  Institutes  o:  Health, 
Westwcod  Building.  Room  922.  Bethesda. 
Maryland  20014.  telephone  <301'  4.°6- 
7714.  will  provide  summaries  of  'he 
meeting,  rosters  of  committee  members 
and  substantive  program  information. 

Dated:  February  6. 1976. 

Suzanne  L.  Fkeitemj. 

Committee  Management  Offi- 
cer, National  institutes  ol 
Health. 

|FR  Doc  7G-4116  Filed  2-11-73:8.  IS  am] 
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NO’.  ICES 


197  10 


NATIONAL  INSTITUTES  OF  HEALTH 
Meeting 

Dr.  Donald  S.  Fredrickson,  Director, 
National  Institutes  of  Health,  Is  holding 
nil  open  meeting  with  representatives  of 
private  industry  who  are  involved  in  the 
support  or  conduct  of  research  with  re- 
combinant DNA  molecules.  The  meeting 
is  being  held  to  exchange  information 
and  discuss  forthcoming  National  In- 
stitutes of  Health  CNTII)  guidelines  on 
rescach  Involving  recombinant  DNA 
molecules.  Representatives  fioin  indus- 
tries in  the  drug,  health,  chemical,  and 
agricultural  areas  have  been  invited  to 
attend.  The  NIH  progress  in  constructing 
guidelines  for  recombinant  DNA  re- 
search will  be  discussed.  The  scope  of 
present  and  potential  activities  within 
industry  and  the  degree  of  their  inter- 
est in  adopting  the  guidelines  v/ill  be 
reviewed. 

The  entire  meeting  will  be  open  to  the 
public  from  9:30  a.m.  to  adjournment 
on  Wednesday,  June  2,  197G,  in  Building 
31,  Conference  Room  7,  National  Insti- 
tutes of  Health,  Bethcsda,  Maryland. 
Individuals  interested  in  obtaining  fur- 
ther information  about  this  meeting 
should  contact  Mrs.  Elizabeth  Shelton, 
National  Institutes  of  Health,  Building  1, 
Room  137,  Bethcsda,  Maryland  20014, 
phone  (301)  49G-3152.  Since  attendance 
will  be  limited  to  space  available.  It  Is  re- 
rucsted  that  individuals  wishing  to  at- 
tend contact  Mrs.  Shelton. 

Dated:  May  7, 1976. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health, 

[FR  Doc.76-13D03  Filed  5--12-7C;3 :45  am] 
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2friT7 


WORKING  GROUP  CM  SAFER  HOSTS  AND 

VECTORS  RECOMBINANT  DNA  MOLE- 
CULE PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Public  Law  92-463,  notice 
is  hereby  given  of  a meeting  of  the 
Working  Group  on  Safer  Hosts  and  Vec- 
tors of  the  Recombinant  DNA  Molecule 
Program  Advisory  Committee  at  the  time 
of  the  Tenth  Miles  International  Sym- 
posium, Massachusetts  Institute  of  Tech- 
nology, Cambridge.  Massachusetts  on 
June  S-10,  1976. 

The  entire  meeting  will  be  open  to  the 
public  to  evaluate  putative  safer  hosts 
and  vectors  for  research  involving  re- 
combinant DNA  molecliles.  Attendance 
by  the  public  will  be  limited  to  space 
available 

Dr.  William  J.  Gartland.  Executive 
Secretary,  National  Institutes  of  Health. 
Westwood  Building.  Room  922.  Bethcsda, 
Maryland  20014.  telephone  <301)  496- 
7714,  will  provide  information  on  the 
date,  time  and  place  of  the  meeting,  sum- 
maries of  the  meeting,  rosters  of  com- 
mittee members  and  substantive  pro- 
gram information. 

Dated:  May  11.  1976. 

Suzanne  L.  Fremeau, 
Committee  Management  OJicer. 

National  Institutes  of  Health. 

I PR  Doc. 76-14390  Filed  5-17-78:8:45  am] 
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33577 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  the  meeting  of  the 
Recombinant  DNA  Molecule  Program 
Advisory  Committee  on  September  13- 
14,  1976,  9 a.m.,  at  the  National  Institutes 
of  Health,  Building  1,  Wilson  Hall,  Be- 
thesda,  Maryland.  This  meeting  will  be 
open  to  the  public  on  September  13,  from 
9 a.m.  to  5 p.m.,  and  September  14,  from 
9 a.m.  to  3 p.m.  to  discuss:  guidelines 
for  reseal  ch  involving  recombinant  DNA 
molecules,  the  status  of  research  in  the 
field,  research  studies  required,  the 
mechanisms  by  which  such  studies  should 
be  supported,  and  the  identification  of 
facilities  and  resources  needed  in  their 
performance.  Attendance  by  the  public 
will  be  limited  to  space  available. 

In  her  ordance  with  the  provisions 
set  forth  in  sections  552(b)(4),  552(b) 

(5)  and  552(b)(6),  Title  5,  U.S.  Code 
and  section  10(d)  of  Pub.  L.  92-463,  the 
meeting  will  be  closed  to  the  public  on 
September  14  from  3 p.m.  to  5 p.m.  for 
the  review,  discussion  and  evaluation  of 
initial  pending  and  renewal  grant  appli- 
cations. The  closed  portion  of  the  meet- 
ing involves  solely  the  internal  expression 
of  views  and  judgments  of  committee 
members  on  individual  grant  applications 
containing  . detailed  research  protocols, 
designs,  and  other  technical  informa- 
tion: financial  data,  such  as  salaries:  and 
personal  information  concerning  individ- 
uals associated  with  the  applications. 

Dr.  W.lliam  J.  Gartland,  Executive 
Secret?^,  National  Institutes  of  Health, 

Building  31,  Room  4A52,  Bethe.sda.  Mary- 
land 20014,  telephone  (301)  496-2323, 
will  provide  summaries  of  the  meeting, 
rosters  of  committee  members  and  sub- 
stantive program  information. 

Dated:  August  2, 1976. 

R.  W.  Lamont-Havers, 

Deputy  Director, 

National  Institutes  of  Health. 

[FR  Dot  .76-23185  Filed  8-9-76:8:45  am] 
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35010 


WORKING  GROUP  ON  SAFER  HOSTS  AND 

VECTORS  RECOMBINANT  DNA  MOLE- 
CULE PROGRAM  ADVISORY  COMMIT- 
TEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  Is 
hereby  given  of  a meeting  of  a Working 
Group  on  Safer  Hosts  and  Vectors  of  the 
Recombinant  DNA  Molecule  Program 
Advisory  Committee  on  September  12, 
1976.  12  Noon,  at  the  National  Institutes 
of  Health.  Building  31,  Conference  Room 
9,  Bethesda.  Maryland. 

The  entire  meeting  will  be  open  to  the 
public  to  evaluate  putative  safer  hosts 
and  vectors  for  research  involving  re- 
combinant DNA  molecules.  Attendance 
by  the  public  will  be  limited  to  space 
available. 

Dr.  William  J.  Gartland,  Executive 
Secretary.  National  Institutes  of  Health, 
Building  31,  Room  4A52.  Bethesda.  Mary- 
land 20014.  telephone  (301)  496-2323, 
will  provide  summaries  of  the  meeting, 
rosters  of  committee  members  and  sub- 
stantive program  information. 

Dated:  August  11,  1976. 

Suzanne  L.  Fremcau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

(TO  Doc.76-34153  FUed  6-17-76:8:43  smj 
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51882 


RECOMBINANT  DNA  MOLECULE  PRO- 
GRAM ADVISORY  COMMITTEE  WORK- 
ING GROUP  ON  SAFER  HOSTS  AND 
VECTORS 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  a meeting  of  a Working 
Group  on  Safer  Hosts  and  Vectors  of  the 
Recombinant  DNA  Molecule  Program 
Advisory  Committee  on  December  13. 

1976.  9 a.m.,  at  the  National  Institutes  of 
Health,  Building  1,  Room  114,  Bethesda, 

Miry  land. 

The  entire  meeting  will  be  open  to  the 
public  to  evaluate  putative  safer  hosts 
and  vectors  for  research  involving  recom- 
binant DNA  molecules.  Attendance  by 
the  public  will  be  limited  to  space  avail- 
able 

Dr.  William  J.  Gartland,  Executive 
Secretary,  National  Institutes  of  Health, 

Building  31,  Room  4A52,  Bethesda,  Mary- 
land 20014,  telephone  (301)  496-2323.  will 
provide  summaries  of  the  meeting,  rosters 
of  committee  members  and  substantive 
program  information. 

Dated:  November  15,  1976. 

Suzanne  L.  Fremeau, 

Committee  Management  Officer,  NII1. 

[FR  Doc.76-34671  Filed  11-23-76:8:45  amj 
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53711 

53712 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Advi- 
sory Committee  on  January  15-16.  1977, 
9 am.,  at  the  Sheraton-Four  Ambassa- 
dors Hotel,  Courier-Emissary  Room, 
Tower  I,  Miami.  Florida.  This  meeting 
will  be  open  to  the  public  on  January  15, 
from  9 a.m.  to  5 pm.,  and  January  16, 
from  9 a m.  to  3 pn  to  dismiss:  guide- 
lines for  research  Involving  recombinant 
DNA  molecules,  the  status  of  research  in 
the  field,  research  studies  required,  the 
mechanisms  by  which  such  studies 
should  be  supported,  and  the  identifica- 
tion of  facilities  and  resources  needed 
in  their  performance.  Attendance  by  the 
public  will  be  limited  to  space  available. 

In  accordance  with  the  provisions  set 
forth  In  sections  552(b)(4),  552(b)(5) 
and  552(b)(6),  Title  5.  U.S.  Code  and 
section  10(d)  of  Pub.  L.  92-463,  the  meet- 
ing will  be  closed  to  the  public  on  Janu- 
ary 16  from  3 p m.  to  5 pm.  for  the  re- 
view. discussion  and  evaluation  of  initial 
pending  and  renewal  grant  applications. 
The  closed  portion  of  the  meeting  In- 
volves solely  the  internal  expression  of 
views  and  judgments  of  committee  mem- 
bers on  individual  grant  applications 
containing  detailed  research  protocols, 
designs,  and  other  technical  Information: 
financial  data,  such  as  salaries:  and  per- 
sonal Information  concerning  Individ- 
uals associated  with  the  applications. 

Dr.  William  J.  Gartland.  Executive 
Secretary,  National  Institutes  of  Health. 
Building  31,  Room  4A52,  Bethesda, 
Maryland  20014,  telephone  (301)  496- 
2323,  will  provide  summaries  of  the 
meetings,  rosters  of  committee  members 
and  substantive  program  information. 

Dated:  November  29,  1976. 

Suzanne  L.  Fremeau. 
Committee  Management  Office,  NIH. 

[FR  Doc .76-38006  Filed  12-7-76:8:45  am] 
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NOTICES 


11051 

11052 


National  Institutes  of  Health 

RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Workshop 

Notice  Is  hereby  given  of  a Workshop 
on  Safer  Hosts  and  Plasmid  Vectors 
Sponsored  by  the  Recombinant  DNA 
Molecule  Program  Advisory  Committee 
at  the  National  Institutes  of  Health, 
Bethesda,  Maryland  20014,  Building  31C, 
Conference  Room  7,  March  14, 1977,  from 
9:00  aun.  to  5:00  p.m. 

Further  information  may  be  obtained 
from  Dr.  William  J.  Gartland,  Executive 
Secretary,  Recombinant  DNA  Molecule 
Program  Advisory  Committee,  Building 
31,  Room  4A52,  telephone  301/496-2323. 

This  workshop  will  be  open  to  the  pub- 
lic. Attendance  by  the  public  will  be 
limited  to  space  available. 

Dated:  February  18, 1977. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[PR  Doc.77-5686  Filed  2-24-77;8:45  am] 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Workshop 

Notice  is  hereby  given  of  a Workshop 
on  Revision  of  the  Guidelines  Sponsored 
by  the  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee  at  the  Na- 
tional Institutes  of  Health,  Bethesda, 
Maryland  20014,  Building  1,  Room  114, 
March  17,  1977,  from  9:00  a.m.  to  5:00 
p.m. 

Further  Information  may  be  obtained 
from  Dr.  William  J.  Gartland,'  Executive 
Secretary,  Recombinant  DNA  Molecule 
Program  Advisory  Committee,  Building 
31,  Room  4A52,  telephone  301/496-2323. 

This  workshop  will  be  open  to  the  pub- 
lic. Attendance  by  the  public  will  be 
limited  to  space  available. 

Dated:  February  18,  1977. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Insti  'utes  of  Health. 

[FR  Doc.77-6686  PUed  2-24-77:8:46  am] 
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NOTICES 


12263 


DEPARTMENT  OF  HEALTH, 
EDUCATION,  AND  WELFARE 
National  Institutes  of  Health 

WORKSHOP  ON  SAFER  HOSTS  AND 
PLASMID  VECTORS 

Rescheduled  Meeting 

Notice  is  hereby  given  of  an  amend- 
ment to  the  Workshop  on  Safer  Hosts 
and  Plasmid  Vectors  Sponsored  by  the 
Recombinant  DNA  Molecule  Program 
Advisory  Committee  at  the  National  In- 
stitutes of  Health.  Bethesda.  Maryland 
20014.  published  In  the  Federal  Recister 
February  25.  1977  (42  FR  11051).  This 
meeting  was  scheduled  to  be  held  in 
Building  3 1C.  Conference  Room  7.  The 
date  and  location  of  this  meeting  has 
been  changed  to  March  21.  1977.  Build- 
ing 3 1C,  Conference  Room  9.  The  entire 
meeting  will  be  open  to  the  public  from 
9:00  a.m.  to  adjournment.  Attendance  by 
the  public  will  be  limited  to  space  avail- 
able. 

Dated:  February  25,  1977. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer. 

National  Institutes  of  Health 
|FR  Doc  77-6315  Plied  3-2-77:8:45  am) 


FEDERAL  REGISTER.  VOL  42,  NO.  42 — THURSDAY.  MARCH  3,  14>7 


[581] 


NOTICES 


12926 


National  Institutes  of  Health 

ADVISORY  COMMITTEE  TO  THE 
DIRECTOR.  NIH 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  the  meeting  of  the  Ad- 
visory Committee  to  the  Director,  NIH, 
April  28-29,  1977,  National  Institutes  of 
Health,  Bethesda,  Maryland,  Building  31, 
Conference  Room  10,  C Wing.  The  meet- 
ing will  take  place  from  9 : 00  a.m.  to  5 : 00 
pm.  on  April  28,  and  from  9:09  a.m.  to 
1:00  pm.  on  April  29.  The  entire  meeting 
will  be  open  to  the  public. 

The  purpose  of  the  meeting  will  be  to 
examine  recent  developments  in  the  field 
of  recombinant  DNA  research,  and  pos- 
sible courses  of  action  that  may  be  taken 
to  regulate  such  research ; a review  of 
PY  1978  budget  proposals;  and  a con- 
sideration of  technology  assessment  is- 
sues. In  addition,  other  policy  issues  of 
concern  to  the  Director,  NIH,  will  be 
discussed.  Attendance  by  the  public  will 
be  limited  to  space  available. 

The  Executive  Secretary,  Charles  R. 
McCarthy,  Ph.  D.,  National  Institutes  of 
Health,  Building  1,  Room  224,  Bethesda, 
Maryland  20014,  301-496-1480,  will  fur- 
nish summaries  of  the  meeting,  rosters 
of  Committee  members  and  guests,  and 
substantive  program  information. 

Dated:  March  1.  1977. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

| FR  Doc.77-6605  Filed  3^1-77:8:46  am] 
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NATIONAL  INSTITUTE  OF  GENERAL 
MEDICAL  SCIENCES 

Workshop 

Notice  is  hereby  given  of  a Workshop 
on  Revision  of  the  Guidelines  sponsored 
by  the  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee  at  the  Na- 
tional Institutes  of  Health.  Westwood 
Building.  Room  9A12,  5333  West  bard 
Avenue.  Bethesda.  Maryland  20014,  April 
15-16.  1977  from  9:30  am.  to  5:00  p.m. 

Further  information  may  be  obtained 
from  Dr.  William  J.  Gartland,  Executive 
Secretary,  Recombinant  DNA  Molecule 
Program  Advisory  Committee,  Building 
31.  Room  4A52,  telephone  301/494-2323. 

This  workshop  will  be  open  to  the  pub- 
lic. Attendance  by  the  public  will  be 
limited  to  space  available. 

Dated:  March  29.  1977. 

Suzanne  L.  Fremeau. 

Committee  Management  Officer. 

National  Institutes  o/  Health. 

[FR  Doc  77-9894  Filed  3-31-77.8  45  tm| 
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NOTICES 


21522 


RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  Is 
hereby  given  of  the  meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad- 
visory Committee  on  May  14-15,  1977, 
9 am,  at  the  National  Institutes  of 
Health,  Building  31C,  Conference  Room 
8,  Bethesda,  Maryland.  This  meeting 
will  be  open  to  the  public  on  May  14, 
from  9 a.m.  to  5 pm.,  and  May  15,  from 
9 a.m.  to  3 pm.  to  discuss:  guidelines  for 
research  involving  recombinant  DNA 
molecules,  the  status  of  research  in  the 
field,  research  studies  required,  the  mech- 
anisms by  which  such  studies  should 
be  supported,  and  the  identification  of 
facilities  and  resources  needed  in  their 
performance.  Attendance  by  the  public 
will  be  limited  to  space  available. 

In  acpordance  with  the  provisions  set 
forth  in  sections  552b(c)(4),  and  552b 

(c)  (6),  title  5,  U.S.  Code  and  section  10 

(d)  of  Pub.  L.  92-463,  the  meeting  will  be 
closed  to  the  public  on  May  15  from  3 
p.m.  to  5 p.m.  for  the  review,  discussion 
and  evaluation  of  initial  pending  and 
renewal  grant  applications.  These  appli- 
cations and  the  discussions  could  reveal 
confidential  trade  secrets  or  commercial 
property  such  as  patentable  material, 
and  personal  information  concerning  in- 
dividuals associated  with  the  applica- 
tions. 

Dr.  William  J.  Gartland,  Executive 
Secretary,  National  Institutes  of  Health, 
Building  31,  Room  4A52,  Bethesda,  Mary- 
land 20014,  telephone  301-496-2323,  will 
provide  summaries  of  the  meeting,  ros- 
ters of  committee  members  and  substan- 
tive program  information. 

Dated:  April  18,  1977. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[PR  Doc.77-12027  Filed  4-26-77:8:45  am] 
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26703 


RECOMBINANT  DNA  MOtECULE 
PROGRAM  ADVISORY  COMMfTTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  a meeting  of  the  Recom- 
binant DNA  Molecule  Program  Advisory 
Committee  at  the  Linden.  Hill  Hotel. 
Terrace  Room.  5400  Pooka  Hill  Road. 
Bethesda,  Maryland  20014  on  June  22. 
1977  from  9 am.  to  5 pm.,  and  June  23. 
1977  from  9 am.  to  12  pm. 

The  entire  meeting  will  be  open  to  the 
public  for  consideration  of  proposed  re- 
visions of  the  NTH  Guidelines  for  Re- 
search Involving  Recombinant  DNA 
Molecules,  and  other  matters  requiring 
necessary  action  by  the  Committee.  At- 
tendance by  the  public  will  be  limited  to 
space  available. 

Dr.  William  J.  Gartland.  Executive 
Secretary.  Recombinant  DNA  Molecule 
Program  Advisory  Committee.  National 
Institutes  of  Health.  Building  31.  Room 
4A52.  telephone  301-496-2323.  will  pro- 
vide summaries  of  the  meeting,  rosters 
of  committee  members  and  substantive 
program  information. 

Dated:  May  18.  1977. 

Suzanne  L.  Fremeau. 
Committee  Management  Officer. 

National  Institutes  of  Health. 

[FR  Doc  77-14833  Filed  5-24-77:8:45  im| 
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NOTICES 


55270 


[4110-08] 

RECOMBINANT  DNA  MOLECULE 
PROGRAM  ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  a meeting  of  the  Re- 
combinant DNA  Molecule  Program  Ad- 
visory Committee  at  the  Linden  Hill  Ho- 
tel, Terrace  Room,  5400  Pooks  Hill  Rd., 
Bethesda,  Md.  20014  on  October  31,  1977 
and  November  1,  1977  from  9 a.m.  to 
5 p.m. 

The  entire  meeting  will  be  open  to  the 
public  for  consideration  of  proposed  re- 
visions of  the  NIH  Guidelines  for  Re- 
search Involving  Recombinant  DNA 
Molecules,  and  other  matters  requiring 
necessary  action  by  the  Committee.  At- 
tendance by  the  public  will  be  limited  to 
space  available. 

Dr.  William  J.  Gartland,  Executive 
Secretary,  Recombinant  DNA  Molecule 
Program  Advisory  Committee,  National 
Institutes  of  Health,  Building  31,  Room 
4A52,  telephone  301-496-2323,  will  pro- 
vide summaries  of  the  meeting,  rosters 
of  committee  members  and  substantive 
program  information. 

Dated:  October  3, 1977. 

Suzanne  L.  Prf.meau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[PR  Doc.77-29852  Piled  10-13-77;8:45  am] 
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NOTICES 


59918 


[41 10-08] 

National  Inttifvtot  of  Hoalth 
ADVISORY  COMMITTU  TO  THE  DIRECTOR.  NIH 

MaaMnf 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  the  meeting  of  the  Ad- 
visory Committee  to  the  Director. 
NIH.  December  15-16.  1977.  National 
Institutes  of  Health.  Building  31.  Con- 
ference Room  6C.  The  meeting  will 
take  place  from  9 a.m.  to  9 p.m.  on  De- 
cember 15.  and  from  9 a.m.  to  5 p.m. 
on  December  16.  The  entire  meeting 
will  be  open  to  the  public. 

The  purpose  of  the  meeting  will  be 
to  consider  proposed  revised  Guide- 
lines for  recombinant  DNA  molecule 
research  conducted  and  supported  by 
the  NIH.  The  proposed  Guidelines 
were  published  in  the  Federal  Regis- 
ter September  27.  1977.  on  pages 
49596  to  49609.  Attendance  by  the 
public  will  be  limited  to  space  avail- 
able. 

In  addition  to  current  members  of 
the  Committee,  a number  of  other  sci- 
entific and  public  representatives  have 
been  Invited  to  serve  on  the  Commit- 
tee for  this  public  hearing.  Ln  order  to 
ensure  careful  review,  selected  wit- 
nesses from  the  following  areas  will  be 
invited  to  comment  on  the  Guidelines 
at  the  hearing:  environmental,  com- 
mercial. organized  labor,  and  scientif- 
ic. 

Other  witnesses  who  wish  to  make 
oral  statements  concerning  the  pro- 
posed revisions  to  the  Guidelines  will 
be  provided  reasonable  opportunity  to 
do  so  at  appropriate  times  Indicated 
on  the  agenda.  All  witnesses  are  re- 
quested to  confine  their  comments  to 
the  proposed  revisions.  Persons  who 
wish  to  make  oral  statements  should 
notify  the  Executive  Secretary  of 
their  intention  to  speak  and  the  Sec- 
tion of  the  proposed  revisions  to  which 
they  will  direct  their  comments. 
Travel  expenses  will  be  provided  for 
Invited  witnesses  only. 

Written  comments  on  the  proposed 
revised  Guidelines  should  be  addressed 
to:  Director,  National  Institutes  of 
Health,  9000  Rockville  Pike.  Bethesda. 
Maryland  20014.  The  Executive  Secre- 
tary. Charles  R.  McCarthy.  Ph.D.,  Na- 
tional Institutes  of  Health.  Building  1. 


Room  201,  Bethesda,  Maryland  20014 
(301)  496-1480,  will  furnish  rosters  of 
Committee  members  and  guests,  and 
substantive  program  information. 

The  tentative  agenda  for  the  meet- 
ing is  as  follows: 

PaorosED  Agenda  roa  Meeting  or  the  Advi- 
sory COMMITTTEE  TO  THE  DIRECTOR,  NTH. 
December  15-16,  1977 

Thumdat,  December  15 

9 am.— Opening  remarks— Dr.  Fredrickson. 

Discussion  or  sections  or  revised  DNA 
guidelines 

9:30  am.— Introduction  to  revised  guide- 
lines—Dr.  Littlefield. 

Section  I.  Physical  Containment 
Dr.  Barkley 

10  am.— Comments  by  Invited  witnesses. 
10:30  a m.— Coffee  break. 

10:45  am.— Comments  by  other  witnesses. 

11:30  am.— Section  II.  Biological 
Containment 

Dr.  Gottesm&n 

11:45  am.— Comments  by  Invited  witnesses. 
12:30  pm.— Comments  by  other  witnesses. 

1 p.m.— Lunch. 

2:15  pm— Section  III.  Experimental 
guidelines 

Drs.  Hellnskl.  Rowe,  and  Day 

2:45  p.m.— Comments  by  Invited  witnesses. 
3:30  pm— Coffee  break. 

3:45  p.m.— Comments  by  Invited  witnesses. 

5 p.m.— Dinner. 

7:30  p.m  — Comments  by  other  witnesses. 

9 p.m.— Adjournment. 

Friday.  December  16.  1977 

9 am— Summary  and  comments— Dr.  Fre- 
drickson. 

9:15  am— Section  IV.  Roles  and 
Responsibilities 

Dr.  Walters 

9:45  am.— Comments  by  Invited  witnesses. 
10:45  am— Coffee  break. 

11  am— Comments  by  other  witnesses. 

12  am— Lunch. 

1:15  pm— Committee  discussion. 

5 p.m.— Adjourn  sine  die. 

Dated:  November  15.  1977. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer. 
[FR  Doc.  77-33745  Filed  11-21-77:  8:45  am] 
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NOTICES 


2007 

2008 


[4110-08] 

RECOMBINANT  DNA  MOLECULE  PROGRAM 
ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  a meeting  of  the  Re- 
combinant DNA  Molecule  Program 
Advisory  Committee  at  the  National 
Institutes  of  Health,  Building  1, 
Wilson  Hall,  9000  Rockville  Pike,  Be- 
thesda,  Md.  20014,  on  February  13-14, 
1978,  from  9 a.m.  to  5 p.m. 

The  entire  meeting  will  be  open  to 
the  public  for  discussion  of  proposed 
revisions  of  the  NIH  Guidelines  for 
Research  Involving  Recombinant  DNA 
Molecules,  safer  host-vector  systems, 
alternative  host-vector  systems,  status 
of  risk  assessment  studies,  and  other 
matters  requiring  necessary  action  by 
the  Committee.  Attendance  by  the 
public  will  be  limited  to  space  avail- 
able. 

Dr.  William  J.  Gartland,  Executive 
Secretary,  Recombinant  DNA  Mole- 
cule Program  Advisory  Committee, 
National  Instutitues  of  Health,  Build- 
ing 31,  Room  4A52,  telephone  301-496- 
6051,  will  provide  materials  to  be  dis- 
cussed at  the  meeting,  rosters  of  com- 
mittee members,  and  substantive  pro- 
gram information.  A summary  of  the 
meeting  will  be  available  at  a later 
date. 

Dated:  January  5.  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

CFR  Doc.  78-788  Filed  1-12-78;  8:45  am] 
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NOTICES 


3771 


(4110-08] 

RECOM8INANT  DNA  MOLECULE  PROGRAM 
ADVISORY  COMMITTEE 

Cancellation  of  Mooting 

Notice  of  cancellation  Is  hereby 
given  of  a meeting  of  the  Recombin- 
ant DNA  Molecule  Program  Advisory 
Committee  at  the  National  Institutes 
of  Health.  Building  1.  Wilson  Hall. 
9000  Rockville  Pike.  Bethesda.  Md. 
20014  on  February  13-14.  1978  from  9 
a.m.  to  5 p.m..  and  will  be  rescheduled 
at  a later  date.  This  meeting  was  pub- 
lished in  the  Federal  Register  on 
Friday.  January  13.  1978  (43  FR  2007 
and  2008). 

Dated:  January  17.  1978. 

Suzanne  L.  Fremead, 
Committee  Management 
Officer,  NIH. 

(FR  Doc.  78-2218  Filed  1-28-78;  8:45  am) 
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[4110-08] 

Notional  InttHulot  of  Health 

RECOMBINANT  DNA  MOLECULE  PROGRAM 
ADVISORY  COMMITTEE 

Working  Group 

Notice  is  hereby  given  of  a Working 
Group  sponsored  by  the  Recombinant 
DNA  Molecule  Program  Advisory 
Committee  at  the  Summer  House  Inn, 
7955  La  Jolla  Shores  Drive,  La  Jolla, 
California  92037,  on  March  11,  1978 
from  9:00  am.  to  6:00  p.m.  Conference 
Room  to  be  posted  at  Hotel. 

The  Working  Group  will  discuss  the 
preparation  of  a list  of  organisms 
known  to  exchange  genetic  informa- 
tion by  natural  physiological  process- 
es, as  stipulated  in  the  proposed  re- 
vised Guidelines  for  Research  Involv- 
ing Recombinant  DNA  Molecules. 

Further  information  may  be  ob- 
tained from  Dr.  William  J.  Gartland, 
Executive  Secretary,  Recombinant 
DNA  Molecule  Program  Advisory 
Committee,  NIGMS,  NIH,  Building  31, 
Room  4A52,  Bethesda,  Maryland— 
telephone  301  496-6051. 

The  meeting  will  be  open  to  the 
public.  Attendance  by  the  publie  will 
be  limited  to  space  available. 

Dated:  February  15,  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[FR  Doc.  78-4805  Filed  2-17-78;  8:45  am] 
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9207 


[4110-08] 

WORKSHOP  ON  RISK  ASSESSMENT  OP 
AGRICULTURAL  PATHOGENS 

Notice  Is  hereby  given  of  a Work- 
shop on  Risk  Assessment  of  Agricul- 
tural Pathogens  Jointly  sponsored  by 
the  D.S.  Department  of  Agriculture, 
National  Science  Foundation  and  Na- 
tional Institutes  of  Health  at  the. Na- 
tional Science  Foundation.  Room  338, 
1800  O Street  NW„  Washington.  D.C. 
20560,  on  March  20-21,  1978  from  9 
a.m.  to  5 p.m. 

The  Workshop  will  discuss  the  feasi- 
bility of  developing  a scheme  for  clas- 
sification or  agricultural  pathogens. 

Further  information  may  be  ob- 
tained from  Dr.  Clarence  Grogan, 
Leader,  Plant  Sciences  Group,  Cooper- 
ative Research.  SEA.  USD  A.  Washing- 
ton. D.C.,  telephone  202-447-6098,  Dr. 
Mary  Clutter.  Program  Director,  De- 
velopmental Biology,  National  Science 
Foundation.  Washington.  D.C.,  tele- 
phone 202-632-4304,  and  Dr.  William 
J.  Gartland.  Executive  Secretary.  Re- 
combinant DNA  Molecule  Program 
Advisory  Committee.  NIGMS,  NTH, 
Bethesda,  McL,  telephone  301-496- 
6051. 

The  meeting  will  be  open  to  the 
public.  Attendance  by  the  public  will 
be  limited  to  space  available. 

Dated:  February  23.  1978. 

Thomas  E Malone. 

Deputy  Director,  NIH. 

(PR  Doe.  7 $-5840  Piled  3-3-78;  8:46  am] 
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NOTICES 
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[4110-08] 

NATIONAL  INSTnUTE  OF  GENERAL  MEDICAL 

SCIENCES,  RECOMBINANT  DNA  MOLECULE 

PROGRAM  ADVISORY  COMMITTEE 

Working  Group  Mooting 

Notice  is  hereby  given  of  a Working 
Group,  sponsored  by  the  Recombinant 
DNA  Molecule  Program  Advisory 
Committee,  to  consider  the  Report  of 
the  U.S.-EMBO  Workshop  To  Assess 
Risks  for  Recombinant  DNA  Experi- 
ments Involving  the  Genomes  of 
Animal.  Plant  and  Insect  Viruses  at 
the  National  Institutes  of  Health, 
Building  31C,  Conference  Room  9, 
9000  Rockville  Pike,  Bethesda,  Md. 
20014  on  April  6-7,  1978,  from  9 a.m. 
to  5 p.m. 

The  Working  Group  will  discuss  the 
report  of  a joint  U.S.-EMBO  Work- 
shop held  on  January  27-29  to  discuss 
the  possible  risks  of  recombinant  DNA 
experiments  involving  the  DNAs  of 
animal,  plant  and  insect  viruses.  The 
U.S.-EMBO  Workshop  was  convened 
as  a result  of  comments  received  on 
the  virus  sections  of  the  proposed  re- 
vised Guidelines  for  Research  Involv- 
ing Recombinant  DNA  Molecules  (42 
FR  49596).  Recommendations  arising 
from  this  Working  Group  meeting  on 
April  6-7  will  be  considered  at  the 
next  meeting  of  the  Recombinant 
DNA  Molecule  Program  Advisory 
Committee. 

The  U.S.-EMBO  Workshop  report 
will  be  reprinted  in  the  Federal  Regis- 
ter in  the  near  future.  Copies  of  the 
Workshop  report  and  other  relevant 
information  may  be  obtained  from  Dr. 
William  J.  Gartland,  Executive  Secre- 
tary, Recombfnant  DNA  Molecule  Pro- 
gram Advisory  Committee,  NIGMS, 
NIH,  Building  31,  Room  4A52,  Bethes- 
da, Md.,  telephone  301-496-6051. 

The  meeting  will  be  open  to  the 
public.  Attendance  by  the  public  will 
be  limited  to  space  available. 

Dated:  March  8,  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[FR  Doc.  78-6704  Filed  3-16-78:  8:45  am] 
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[4110-08] 

HOST-FIASMIO  WORKING 

Worfcthop 

Pursuant  to  Pub.  L.  92-463,  notice  la 
hereby  given  of  a meeting  of  the  Host- 
Plasmid  Working  Group  sponsored  by 
the  Recombinant  DNA  Molecule  Pro- 
gram Advisory  Committee  at  the  Na- 
tional Institutes  of  Health.  Building 
3 1C,  Conference  Room  7,  9000  Rock- 
ville Pike,  Bethesda,  Md.  20014  on 
April  26,  1978,  from  9 am.  to  5 p.m. 

The  entire  meeting  will  be  open  to 
the  public  for  discussion  of  EK2  host- 
vector  systems  and  other  matters  re- 
quiring necessary  action  by  the  Work- 
ing Group.  Attendance  by  the  public 
will  be  limited  to  space  available. 

Dr.  William  J.  Gartland.  Executive 
Secretary.  Recombinant  DNA  Mole- 
cule Program  Advisory  Committee, 
National  Institutes  of  Health,  Building 
31.  Room  4A52.  telephone  301-496- 
6051,  will  provide  materials  to  be  dis- 
cussed at  the  meeting,  rosters  of  com- 
mittee members,  and  substantive  pro- 
gram information.  A summary  of  the 
meeting  will  be  available  at  a later 
date. 

Dated;  March  29.  1978. 

SUZANNE  L.  FREMEAU, 
Committee  Management  Officer, 
National  Institutes  of  Health. 
[PR  Doc.  78-8741  FUed  4-3-78;  8:46  am] 


[4110-08] 

RECOMBINANT  DNA  MOLECULE  PROGRAM 
ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  Is 
hereby  given  of  a meeting  of  the  Re- 
combinant DNA  Molecule  Program 
Advisory  Committee  at  the  National 
Institutes  of  Health.  Building  31C, 
Conference  Room  8.  9000  Rockville 
Pike.  Bethesda,  Md.  20014  on  April  27- 
28.  1978.  from  9 am.  to  5 p.m. 

The  entire  meeting  will  be  open  to 
the  public  for  consideration  of:  Pro- 
posed revisions  of  NIH  Guidelines  for 
Research  Involving  recombinant  DNA 
Molecules,  including: 

Report  of  Working  Group  on  Organisms 
that  Exchange  Genetic  Information. 
Report  of  U8.-EMBO  Workshop  to  Assess 
Risks  for  Recombinant  DNA  Experiments 
Involving  the  Genomes  of  Animal,  Plant, 
and  Insect  Viruses. 

Report  of  Workshop  on  Risk  Assessment  of 
Agricultural  Pathogens. 

EK2  host-vector  systems. 

Review  of  protocols  for  required  contain- 
ment levels. 

Requests  for  lowering  of  containment  levels 
on  the  basis  of  characterization  of  clones. 
Self -cloning  experiments  In  Pseudomonas 
puftfa 

Other  matters  requiring  necessary  action  by 
the  Committee. 

Attendance  by  the  public  will  be 
limited  to  space  available.  Dr.  William 
J.  Gartland.  Executive  Secretary,  Re- 
combinant DNA  Molecule  Program 
Advisory  Committee.  National  Insti- 
tutes of  Health.  Building  31,  Room 
4A52,  telephone  301-496-6051,  will 
provide  materials  to  be  discussed  at 
the  meeting,  rosters  of  committee 
members,  and  substantive  program  In- 
formation. A summary  of  the  meeting 
will  be  available  at  a later  date. 

Dated:  March  29,  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 
[FR  Doc.  78-8742  Filed  4-3-78:  8:45  am] 
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[4110-08] 

RECOMBINANT  DNA  MOLECULE  PROGRAM 
ADVISORY  COMMITTEE 

Amended  Meeting 

Notice  is  hereby  given  of  an  amend- 
ment to  the  meeting  of  the  Host-Plas- 
mid  Working  Group  sponsored  by  the 
Recombinant  DNA  Molecule  Program 
Advisory  Committee  at  the  National 
Institutes  of  Health,  Bethesda,  Mi 
20014,  published  in  the  Federal  Regis- 
ter on  April  4.  1978  (43  FR  14129). 

This  meeting  is  scheduled  to  be  held 
on  April  26,  1978  in  Building  3l6,  Con- 
ference Room  7.  The  time  for  this 
meeting  to  convene  has  been  changed 
from  9 am.  to  2 pm. 

The  entire  meeting  will  be  open  to 
the  public  from  2 pun.  to  adjourn- 
ment. Attendance  by  the  public  will  be 
limited  to  space  available. 

Dated:  April  5,  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

□FR  Doc.  78-9620  Piled  4-13-78;  8:45  ami 


[4110-08] 

RECOMBINANT  DNA  MOLECULE  PROGRAM 
ADVISORY  COMMITTEE 


Notice  is  hereby  given  of  an  amend- 
ment to  the  meeting  of  the  Recombin- 
ant DNA  Molecule  Program  Advisory 
Committee  at  the  National  Institutes 
of  Health,  Bethesda,  Md.  20014,  pub- 
lished in  the  Federal  Register  on 
April  4,  1978  (43  FR  14129). 

This  meeting  is  scheduled  to  be  held 
on  April  27-28,  Conference  Room  8, 
Building  3 1C,  9 am.  to  5 pm.  An  Addi- 
tional day  has  been  scheduled  for 
April  29  in  Conference  Room  8,  Build- 
ing 31C,  9 am.  to  5 pm. 

The  entire  meeting  will  be  open  to 
the  public.  Attendance  by  the  public 
will  be  limited  to  space  available. 

Dated:  April  5, 1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health 

[PR  Doc.  78-9619  Piled  4-13-78;  8:45  am] 
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[4110-08] 

Notional  Inttitutot  of  HooHh 
ADVISORY  COMMITTEE  TO  THE  DIRECTOR,  NIH 
Mooting 

Pursuant  to  Pub.  L.  92-463.  notice  is 
hereby  given.of  the  meeting  of  the  Ad- 
visory Committee  to  the  Director. 
NIH.  June  15-16.  1978.  National  Insti- 
tutes of  Health.  Bethesda.  Md..  Build- 
ing 31.  Conference  Room  10.  C Wing. 
The  meeting  will  take  place  from  9 
a.m.  to  5 p.m.  on  June  15.  and  from  9 
a.m.  to  1 p.m.  on  June  16.  The  entire 
meeting  will  be  open  to  the  public. 

The  purpose  of  the  meeting  will  be 
to  discuss  passible  strategies  to  devel- 
op appropriate  principles  for  health 
research  planning.  The  committee  will 
consider  the  speech  delivered  by  Sec- 
retary Califano  before  the  annual 
meeting  of  the  Federation  for  Clinical 
Research  and  develop  themes  and  pro- 
cedures for  carrying  out  the  goals  out- 
lined by  the  Secretary.  The  committee 
will  review  and  comment  on  docu- 
ments drafted  for  the  purpose  of  im- 
plementing these  goals. 

In  addition,  the  development  of  re- 
vised Recombinant  DNA  Research 
Guidelines  and  other  policy  issues  of 
concern  to  the  Director.  NIH.  will  be 
discussed. 

The  Executive  Secretary,  Charles  R. 
McCarthy.  Ph.D..  National  Institutes 
of  Health.  Building  1.  Room  201,  Be- 
thesda. Md.  20014.  301-496-1480.  will 
furnish  summaries  of  the  meeting,  ros- 
ters of  committee  members  and  guests, 
and  substantive  program  information. 

Dated:  May  24.  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[FR  Doc.  78-15170  Filed;  5-30-78  8:45  am] 
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[4110-08] 

RECOMBINANT  DNA  ADVISORY  COMMITTEE 
Meeting 

Pursuant  to  Public  Law  92-463, 
notice  is  hereby  given  of  a meeting  of 
the  Recombinant  DNA  Advisory  Com- 
mittee at  the  National  Institutes  of 
Health,  Building  3 1C.  conference  room 
8,  9000  Rockville  Pike,  Bethesda,  Md. 
20014,  on  August  2-3,  1978,  from  9 a.m. 
to  5 p.m. 

The  entire  meeting  will  be  open  to 
the  public  for  consideration  of: 

Proposed  revisions  of  NIH  Guidelines  for 
Research  Involving  Recombinant  DNA 
Molecules. 

Organisms  that  exchange  genetic  informa- 
tion. 

Biological  containment  and  safer  host- 
vector  systems. 

Review  of  protocols  for  required  contain- 
ment levels. 

Requests  for  lowering  of  containment  levels- 
on  the  basis  of  characterization  of  clones. 
Other  matters  requiring  necessary  action  by 
the  Committee. 

Attendance  by  the  public  will  be  lim- 
ited to  space  available.  Dr.  William  J. 
Gartland,  Executive  Secretary.  Re- 
combinant DNA  Advisory  Committee. 
National  Institutes  of  Health.  Building 
31,  room  4A52,  telephone  301-496- 
6051,  will  provide  materials  to  be  dis- 
cussed at  the  meeting,  rosters  of  com- 
mittee members,  and  substantive  pro- 
gram information.  A summary  of  the 
meeting  will  be  available  at  a later 
date. 

Dated:  July  10.  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

CFR  Doc.  78-19379  Filed  7-13-78;  8:45  am] 


[4110-08] 

SUBCOMMITTEES  OF  THE  RECOMBINANT  DMA 
ADVISORY  COMMITTEE 

Meeting 

Pursuant  to  Pub.  L.  92-463,  notice  is 
hereby  given  of  a meeting  of  the  Host- 
Plasmid  Subcommittee  and  the  Host- 
Phage  Subcommittee  of  the  Recom- 
binant DNA  Advisory  Committee  at 
the  National  Institutes  of  Health. 
Building  31C.  Conference  Room  8. 
9000  Rockville  Pike,  Bethesda,  Md. 
20014,  on  August  1,  1978,  from  9 a.m. 
to  5 p.m. 

The  entire  meeting  will  be  open  to 
the  public  for  discussion  of  the  con- 
struction and  testing  of  safer  host- 
vector  systems  for  recombinant  DNA 
research,  and  other  matters  requiring 
consideration  by  the  Subcommittees. 
Attendance  by  the  public  will  be  limit- 
ed to  space  available. 

Dr.  William  J.  Gartland,  Executive 
Secretary,  Recombinant  DNA  Adviso- 
ry Committee,  National  Institutes  of 
Health,  Building  31.  Room  4A52,  tele- 
phone 301-496-6051,  will  provide  mate- 
rials to  be  discussed  at  the  meeting, 
rosters  of  committee  members,  and 
substantive  program  information.  A 
summary  of  the  meeting  will  be  availa- 
ble at  a later  date. 

Dated:  July  10,  1978. 

Suzanne  L.  Fremeau, 
Committee  Management  Officer, 
National  Institutes  of  Health. 

[FR  Doc.  78-19380  Filed  7-13-78;  8:45  ami 
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[4110-12] 

Office  of  tho  Secretory 

NIH  PROPOSED  REVISED  GUIDELINES  FOR 
RECOMBINANT  DNA  RESEARCH 

Hooring 

Notice  Is  hereby  given  of  a public 
hearing  on  September  15,  1978,  In  the 
Department  of  Health,  Education,  and 
Welfare,  Hubert  H.  Humphrey  Build- 
ing. Room  529 A.  In  Washington,  D.C. 
The  meeting  will  take  place  9 a.m.  to  4 
p.m.,  and  the  entire  hearing  will  be 
open  to  the  public.  Attendance  by  the 
public  will  be  limited  to  space  availa- 
ble. 

The  purpose  of  the  hearing  Is  to 
secure  public  comment  on  revisions 
that  have  been  proposed  by  the  Na- 
tional Institutes  of  Health  to  the  NIH 
guidelines  for  research  Involving  re- 
combinant DNA  molecules.  The  pro- 
posed revised  guidelines  were  pub- 
lished In  the  Federal  Register  on 
July  28,  1978. 

A Department  of  Health.  Education, 
and  Welfare  review  committee,  estab- 
lished by  Secretary  Joseph  A.  Cali- 
fano,  Jr.,  will  hear  the  comments  on 
the  proposed  revisions.  This  commit- 
tee consists  of:  Mr.  F.  Peter  Libassi, 
the  Department's  General  Counsel 
(chairperson);  Dr.  Donald  S.  Freder- 
ickson,  the  Director  of  NIH  (vice 
chairperson):  Dr.  Julius  Richmond, 
Assistant  Secretary  for  Health;  and 
Dr.  Henry  Aaron.  Assistant  Secretary 
for  Planning  and  Evaluation. 

Public  comment  is  sought  on  the  sci- 
entific and  procedural  aspects  of  the 
proposed  guidelines.  Among  the  issues 
commentators  are  Invited  to  address 
are  the  following: 

The  strength  of  the  evidence  that 
supports  the  proposed  revisions: 


The  strength  of  the  evidence  that 
supports  maintenance  of  restrictions 
on  this  type  of  research;  and 

The  specific  scientific  and  research 
containment  procedures  that  the  pro- 
posed revisions  require. 

Comments  are  also  Invited  on  sec- 
tions in  the  proposed  revisions  con- 
cerned with  administration  of  the 
guidelines.  Including: 

The  procedures  for  future  changes 
In  the  guidelines; 

The  procedures  for  permitting  oth- 
erwise prohibited  experiments  and  for 
exempting  classes  of  research  from 
the  guidelines; 

The  standards  for  the  exercise  of  ad- 
ministrative discretion  under  the 
guidelines:  and 

The  composition  of  the  Depart- 
ment's Recombinant  DNA  Advisory 
Committee  and  of  the  institutional 
biohazard  committees. 

In  order  to  assure  that  everyone 
wishing  to  make  an  oral  presentation 
has  the  opportunity  to  do  so,  presenta- 
tions should  not  exceed  10  minutes  In 
length.  Individuals  are  encouraged  to 
provide  summaries  of  their  testimony 
In  advance  of  the  hearing,  and  to 
submit  written  comments  In  addition 
to,  or  In  lieu  of,  an  oral  presentation. 
Comments  and  testimony  should  be 
confined  to  the  proposed  revisions.  In- 
dividuals who  wish  to  testify  should 
write  Richard  Riseberg,  DHEW  Office 
of  General  Counsel.  National  Insti- 
tutes of  Health,  Building  31,  Room 
2B50,  Bethesda,  Md.  20014,  by  Sep- 
tember 10,  1978. 

Dated:  August  10,  1978. 

F.  Peter  Libassi, 
General  Counsel 

[FR  Doc  78-22946  Filed  8-15-78;  8:45  am) 
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[4110-08] 

RECOMBINANT  DNA  ADVISORY  COMMITTEE 
Working  Group 

Notice  is  hereby  given  of  a Working 
Group  on  Prokaryote  Host-Vectors 
Other  Than  E.  coli  E-12  sponsored  by 
the  Recombinant  DNA  Advisory  Com- 
mittee at  the  Department  of  Biologi- 
cal Sciences,  Stanford  University, 
Stanford,  Calif.  94305,  on  September 
12.  1978  from  9 a.m.  to  5 p.m.  Confer- 
ence room  to  be  posted  at  the  Depart- 
ment of  Biological  Sciences. 

The  working  group  will  discuss 
guidelines  for  the  conduct  of  recom- 
binant DNA  research  involving  prokar- 
yote host-vectors  other  than  E.  coli  K- 
12. 

Further  information  may  be  ob- 
tained from  Dr.  William  J.  Gartland, 
Executive  Secretary,  Recombinant 
DNA  Advisory  Committee,  NIGMS, 
NTH.  Building  31.  Room  4A52.  Bethes- 
da,  Md.  telephone  301-496-6051. 

The  meeting  will  be  open  to  the 
public.  Attendance  by  the  public  will 
be  limited  to  space  available. 

Dated:  August,  14,  1978. 

Suzanne  L.  Fremeau, 
Committee  Mangement 
Officer,  NIH. 

[FR  Doc.  78-23433  Filed  8-21-78:  8:45  ami 


[4110-08] 

RECOMBINANT  DNA  ADVISORY  COMMITTEE 
Working  Group 

Notice  is  hereby  given  of  a Working 
Group  on  Lower  Eukaryote  Host- 
Vector  Systems  sponsored  by  the  Re- 
combinant DNA  Advisory  Committee 
at  the  National  Institutes  of  Health, 
Conference  Room  9,  Building  31C,  Be- 
thesda,  Md.  20014,  on  September  16, 
1978  from  8:30  a.m.  to  5 p.m. 

The  working  group  will  discuss 
guidelines  for  the  conduct  of  recom- 
binant DNA  research  involving  lower 
eukaryote  host-vector  systems. 

Further  information  may  be  ob- 
tained from  Dr.  William  J.  Gartland, 
Executive  Secretary,  Recombinant 
DNA  Advisory  Committee,  NIGMS, 
NIH,  Building  31,  Room  4A52.  Bethes- 
da.  Md.  telephone  301-496-6051. 

The  meeting  will  be  open  to  the 
public.  Attendance  by  the  public  will 
be  limited  to  space  available. 

Dated:  August  15,  1978. 

Suzanne  L.  Fremeau, 
Committee  Management 
Officer,  NIH. 

[FR  Doc.  78-23434  Filed  8-21-78:  8:45  am] 
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CHRONOLOGY  OF  MAJOR  EVENTS  ASSOCIATED  WITH  POLICY  FORMULATION 
INVOLVING  RECOMBINANT  DNA  MOLECULES 


1973 

Jul.  11-15 

1974 
Jul . 


1975 

Feb.  24-25 
Feb.  26 

May- Dec . 

1976 

Feb.  9-10 

Jun.  23 

Jun. 

Jul . 

Aug. 

Sept.  9 
Oct . 

1977 

Mar.  7-9 
Mar.  15 
Mar.  29 
May  9 
May  31 
Jun.  20-21 
Sept.  27 
Oct . 

Nov. 

Dec.  15-16 
Jan.  4-Dec. 

1978 

Jan.  26—28 
Mar. 

Mar . 8 
Mar.  20-21 
Apr.  6-7 
Apr.  27-28 
Jul.  28 


Outline 


Gordon  Conference 


National  Academy  of  Sciences  (NAS)  Committee  on 
Recombinant  DNA  Molecules 


Asi lomar 

First  meeting  of  NIH  Recombinant  DNA  Molecule 
Program  Advisory  Committee  (RAC) 

RAC  formulates  proposed  Guidelines 


Special  session:  NIH  Director's  Advisory 

Committee  (DAC) 

Guidelines  issued  (published  in  Federal  Register, 

July  7,  1976) 

Office  of  Recombinant  DNA  Activities  (ORDA)  established 
Proposed  extension  of  Guidelines 
Volume  1 published 

Draft  Environmental  Impact  Statement  published 
Federal  Interagency  Committee  established 


NAS  Forum:  "Research  with  Recombinant  DNA" 

Interagency  Committee  Interim  Report  on  Legislation 

Interagency  Committee  review  of  patent  policy 

Friends  of  the  Earth  suit  filed 

Mack  v.  Cal i fano  suit  filed 

Falmouth  Workshop 

RAC-proposed  revisions  published 

Environmental  Impact  Statement  (final)  published 

Interagency  Committee  Report  on  International  Activities 

DAC  meeting 

22  First  session,  95th  Congress,  considers  legislation 


Ascot  Workshop 

Volume  2 published 

Mack  v_.  Cal  i fano  deci  sion 

Workshop  on  Agricultural  Pathogens 

Review  of  Ascot  by  U.S.  working  group 

RAC  review  of  workshops 

Proposed  Revised  Guidelines/Decision  of  the  Director/ 
Environmental  Impact  Assessment  published 


[599] 


1978  (cont.) 


Jul. 

Sept.  15 

Laboratory  Safety  Monograph  published 
Public  hearing  to  be  held  on  proposed  revised 
Guidelines 

Sept.  26 
Sept . 

Nov.  10 

Jan.  19  to  present 

Last  day  of  60-day  public  comment  period 
Volume  3 to  be  published  covering  Sept.  1977-Jul.  1978 
Deadline  for  promulgation  of  final  revised  Guidelines 
Second  session,  95th  Congress,  considers  legislation 
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Annotated  Chronology 


MAJOR  EVENTS:  1973-1975 

July  11-15,  1973  GORDON  CONFERENCE 

At  the  Gordon  Research  Conference  on  Nucleic  Acids,  the  capability  to 
perform  recombinant  DNA  experiments  became  apparent  and  concern  was 
expressed  about  the  potential  hazards  of  recombinant  DNA  molecules.  The 
Conference  voted  to  suggest  that  "the  Academies  establish  a study 
committee  to  consider  this  problem  and  to  recommend  specific  actions  or 
guidelines,  that  seem  appropriate." 

July  1974  NATIONAL  ACADEMY  OF  SCIENCES  (NAS)  COMMITTEE  ON  RECOMBINANT  DNA 
MOLECULES 

This  committee  of  the  National  Academy  of  Sciences  (NAS)  published  a 
letter  proposing:  That  until  potential  hazards  were  better  understood, 

scientists  througi-out  Lhe  world  should  join  with  the  members  of  the 
committee  in  voluntarily  deferring  certain  experiments;  That  the  Direc- 
tor of  the  National  Insitutes  of  Health  (NIH)  be  requested  to  give 
immediate  consideration  to  establishing  an  advisory  committee  which 
would  evaluate  potential  risks  and  devise  procedures  and  guidelines 
to  be  followed  by  investigators  working  with  potentially  hazardous 
recombinant  DNA  mclecules,  and;  That  an  international  meeting  of 
involved  scientists  be  convened  to  review  scientific  progress  in  this 
area  and  further  discuss  appropriate  ways  with  which  to  deal  with 
potential  biohazards  of  recombinant  DNA  molecules. 

February  24-27,  1975  ASILOMAR 

The  "International  Conference  on  Recombinant  DNA  Molecules"  took  place 
at  Asilomar  Conference  Center,  Pacific  Grove,  California,  sponsored  by 
NAS  and  supported  by  NIH  and  the  National  Science  Foundation  (NSF). 

It  was  a attended  by  150  people,  including  52  foreign  scientists  from 
15  countries,  16  representatives  of  the  press,  and  4 attorneys.  Partici- 
pants felt  that  work  on  construction  of  recombinant  DNA  molecules 
should  proceed,  provided  that  appropriate  biological  and  physical 
containment  was  utilized  in  the  conduct  of  experiments.  The  Conference 
made  recommendations  for  matching  levels  of  containment  with  levels 
of  possible  hazard  for  different  types  of  experiments.  Certain 
experiments  were  judged  to  pose  such  serious  dangers  that  the  Conference 
recommended  they  uhould  not  be  undertaken  at  that  time. 

February  26,  1975  FIRST  MEETING  OF  NIH  RECOMBINANT  DNA  MOLECULE  PROGRAM 

ADVISORY  COMMITTEE  (hereafter,  "Recombinant  Advisory 
Committee"  or  "RAC") 

This  Committee  was  established  on  October  7,  1974,  to  advise  the 
Secretary  of  Health,  Education,  and  Welfare,  the  Assistant  Secretary  for 
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Health,  and  the  Director,  NIH,  "concerning  a program  for  the  evaluation 
of  potential  biological  and  ecological  hazards  of  DNA  recombinants  of 
various  types,  for  developing  procedures  which  will  minimize  the 
spreads  of  such  me lecules  within  human  and  other  populations,  and  for 
devising  guidelines  to  be  followed  by  investigators  working  with 
potentially  hazardous  recombinants." 

At  its  first  meeting,  the  Committee  recommended  that  the  NIH  use  the 
recommendations  of  the  Asilomar  Conference  as  guidelines  for  research 
until  it  had  an  opportunity  to  elaborate  more  specific  guidelines. 

May-December  1975  RAC  FORMULATES  PROPOSED  GUIDELINES 

In  three  subsequent  meetings,  the  RAC  compiled  three  versions  of 
draft  guidelines.  At  the  last  meeting,  the  Committee  went  through  these, 
voting  item-by-item  for  their  preference  among  these  three  variations 
and,  in  many  cases,  adding  new  material.  The  result  was  the  "Proposed 
Guidelines  for  Research  Involving  Recombinant  DNA  Molecules."  These 
several  meetings  during  which  the  Advisory  Committee  developed  its 
proposed  Guidelines  were  announced  in  the  Federal  Regi ster  and  were 
open  to  the  publi'..  The  RAC-proposed  Guidelines  were  presented  to  the 
Director,  NIH,  in  January  1976. 


MAJOR  EVENTS:  1976 

February  9-10,  1976  SPECIAL  SESSION:  NIH  DIRECTOR'S  ADVISORY 

COMMITTEE  (DAC) 

A special  public  meeting  of  the  Advisory  Committee  to  the  Director, 

NIH,  augmented  with  former  Committee  members  and  other  scientific  and 
public  representatives,  was  convened  to  review  the  RAC-proposed  Guide- 
lines. Tne  comments  received  from  Committee  members  and  public 
witnesses — which  represented  a wide  range  of  views — were  later  considered 
by  the  RAC  in  April  1976.  Additional  meetings  were  held  in  the  Spring 
of  1976  to  exchange  information  with  representatives  from  other  Federal 
agencies,  private  industry,  and  congressional  staffs. 

June  23,  1976  GUIDELINES  ISSUED  (PUBLISHED  IN  FEDERAL  REGISTER, 

JULY  7,  1976) 

These  Guidelines  replaced  the  recommendations  from  the  1975  Asilomar 
Conference,  governing  research  at  laboratories  of  NIH  and  of  its 
grantees  and  contractors.  Accompanying  the  Guidelines  was  a document 
describing  the  diverse  issues  which  the  Director,  NIH  considered  in 
reaching  the  decision  to  issue  the  Guidelines.  This  decision  was 
developed  in  the  light  of  many  expert  judgments  and  was  based  upon 
documents  and  correspondence  contained  in  the  decision  statement. 
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June  1976  OFFICE  OF  RECOMBINANT  DNA  ACTIVITIES  (ORDA)  ESTABLISHED 


To  facilitate  implementation  of  the  Guidelines,  NIH  established  ORDA 
in  June  1976  to  administer  and  coordinate  intramural  and  extramural 
activities  at  the  NIH,  to  review  the  institutional  biohazards  committees 
and  certification  statements,  and  to  monitor  reports  and  information 
concerning  accidents,  containment,  and  safety  innovation.  This  office 
is  also  responsible  for  establishing  a national  registry  of  recombinant 
DNA  research,  which  includes  projects  from  other  agencies. 

July  1976  PROPOSED  EXTENSION  OF  GUIDELINES 

In  July  1976  a letter  from  Senators  Javits  and  Kennedy  to  President 
Ford  recommended  that  the  NIH  Guidelines  be  extended  to  the  entire 
•Nation's  research  community  by  appropriate  executive  or  legislative 
action.  This  letter  prompted  the  later  establishment  by  the  President 
of  the  Federal  Interagency  Committee. 

August  1976  VOLUME  1 PUBLISHED 

In  August  1976  the  NIH  published  a compilation  of  documents  relating 
to  the  Guidelines  for  the  period  of  February  1975-June  1976.  This 
volume  contains  the  transcript  of  the  February  NIH  public  hearing  on 
the  proposed  Guidelines,  copies  of  correspondence  received  by  the 
Director,  NIH,  on  this  matter,  and  the  results  of  relevant  meetings 
held  prior  to  the  release  of  the  Guidelines. 

September  9,  1976  DRAFT  ENVIRONMENTAL  IMPACT  STATEMENT  PUBLISHED 

The  NIH,  in  accordance  with  the  National  Environmental  Policy  Act  of 
1969  (NEPA),  undertook  an  environmental  impact  assessment  to  review 
environmental  effects,  if  any,  of  research  that  may  be  conducted 
under  the  Guidelines.  The  NIH  Guidelines  were  released  prior  to  the 
completion  of  the  assessment  because  they  provide  greater  protection 
for  the  public  and  the  environment  than  do  the  Asilomar  Guidelines 
which  they  replaced.  The  NIH  Guidelines  require,  in  a number  of 
instances,  more  stringent  safety  and  containment  measures,  contain 
an  extension  of  the  list  of  prohibited  experiments,  and  provide 
a specific  ban  on  the  deliberate  release  of  recombinant  molecules 
into  the  environment.  The  Draft  Environmental  Impact  Statement  was 
filed  and  published  in  the  Federal  Register  on  September  9,  1976 
in  order  to  provide  for  additional  public  review  and  comment. 

October  1976  FEDERAL  INTERAGENCY  COMMITTEE  ESTABLISHED 

In  October  1976,  with  the  approval  of  the  President,  the  Secretary  for 
Health,  Education,  and  Welfare  (HEW),  established  an  Interagency 
Committee  on  Recombinant  DNA  Research,  chaired  by  the  Director  of  NIH. 
The  Committee  is  chartered  to  review  the  nature  and  scope  of  Federal 
and  private-sector  activities  related  to  recombinant  DNA  research,  to 
determine  the  applicability  of  tne  extension  of  the  NIH  Guidelines 
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to  govern  research  in  these  sectors  and,  if  necessary,  to  recommend 
appropriate  legislative  or  executive  action.  The  membership  of  the 
Committee  consists  of  all  Federal  departments  and  agencies  that  support 
and  conduct  such  research  and  all  regulatory  agencies  which  have  potential 
authority  to  govern  the  conduct  of  this  research.  Activities  pertinent 
to  the  research  agencies  were  reviewed  by  the  full  Committee  in  its 
initial  meetings  in  the  Fall  of  1976.  All  research  agencies  endorsed 
the  NIH  Guidelines  as  standards  for  the  conduct  of  this  research; 
these  included  Agriculture,  Defense,  the  Energy  Research  and  Development 
Administration,  the  National  Aeronautics  and  Space  Administration,  the 
Veterans  Administration,  and  the  National  Science  Foundation  (NSF). 

Of  these,  only  Agriculture,  NSF,  and  the  Veterans  Administration  (as  well 
as  the  NIH)  are  currently  supporting  and  conducting  recombinant  DNA 
research . 

After  an  initial  review  by  the  Committee,  it  was  recommended  that  a 
special  subcommittee  be  created,  comprising  all  the  regulatory  agen- 
cies, to  analyze  the  relevant  statutory  authority  for  the  regulation 
of  such  research. 


MAJOR  EVENTS:  1977 

March  7-9,  1977  NAS_  FORUM:  "RESEARCH  WITH  RECOMBINANT  DNA" 

The  Academy  Forum  was  initiated  by  the  National  Academy  of  Sciences  to 
make  a contribution  to  national  policy  in  areas  at  the  interface  of 
science  and  society.  Past  Forums  have  dealt  with  such  controversial 
issues  as  drug  safety,  experimentation  with  humans,  utilization  of  energy 
resources,  and  the  roles  of  the  citizen  and  the  expert.  This  Forum  was 
devoted  to  an  examination  of  the  scientific,  legal,  ethical,  and  public 
policy  issues  raised  by  recombinant  DNA  research.  The  published 
proceedings  of  this  NAS  Forum  contain  a variety  of  insights  and  infor- 
mation concerning  recombinant  DNA  research,  as  well  as  the  controversy 
that  has  encompassed  it. 

March  15,  1977  INTERAGENCY  COMMITTEE  INTERIM  REPORT  ON  LEGISLATION 

A Subcommittee,  assisted  by  the  members'  general  counsels,  conducted 
a review  and  concluded  that  the  legal  authorities  of  no  single  depart- 
ment, agency,  or  combination  thereof  are  sufficient  to  govern  the 
conduct  and  registration  of  this  research.  The  Interagency  Committee 
submitted  an  interim  report  to  the  Secretary,  HEW,  recommending  that 
legislation  be  passed  to  regulate  the  production  and  use  of  recombinant 
DNA  molecules.  On  the  basis  of  that  report,  the  Department  drafted 
legislation  which  became  the  Administration  bill,  introduced  in  the 
Senate  by  Senator  Kennedy  and  in  the  House  by  Representative  Rogers. 
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March  29,  1977  INTERAGENCY  COMMITTEE  REVIEW  OF  PATENT  POLICY 


The  Committee  recommended  "that  recombinant  DNA  research  inventions 
developed  under  DREW-NIH  support  should,  at  least  for  the  present, 
continue  to  be  administered  within  current  DHEW  patent  agreements 
with  the  universities.  But  each  agreement  shou'd  be  amended  to  ensure 
that  the  licensees  will  comply  with  the  physical  and  biological  contain- 
ment standards  set  forth  in  the  Guidelines  in  any  production  or  use  of 
recombinant  DNA  molecules  under  the  license." 

May  9,  1977  FRIENDS  OF  THE  EARTH  SUIT  FILED 

Brought  in  the  Federal  District  Court  in  New  York,  the  plaintiffs  allege 
that  NIH  failed  to  comply  with  NEPA  by  not  completing  an  Environmental 
.Impact  Statement  before  supporting  recombinant  DNA  research  and  before 
releasing  the  original  Guidelines.  The  Government  has  answered  the 
allegations,  and  the  case  is  pending  in  New  York. 

May  31,  1977  MACK  v.  CALIFANO  SUIT  FILED 

A resident  of  Fredrick,  Maryland  filed  suit  in  :he  Federal  District 
Court  in  Washington,  D.C.,  seeking  an  injunction  to  prevent  NIH  from 
conducting  a DNA  risk-assessment  experiment  at  the  Frederick  Cancer 
Research  Center  (formerly  Ft.  Detrick)  without  filing  an  Environmental 
Impact  Statement  ^EIS).  Once  NIH  completed  its  EIS,  plaintiff  further 
contended  that  the  statement  did  not  comply  with  the  requirements  of 
the  National  Environmental  Policy  Act  (NEPA). 

June  20-21,  1977  FALMOUTH  WORKSHOP 

A "Workshop  on  Studies  for  Assessment  of  Potential  Risks  Associated  with 
Recombinant  DNA  Experimentation"  was  held  in  Falmouth,  Mass.,  upon  the 
recommendation  of  the  DAC.  Its  purpose  was  to  bring  together  diverse 
disciplines  in  order  to  discuss  the  basic  biology  of  col i (the  host 
most  used  in  recombinant  DNA  experiments)  and  risk  assessment  in  this 
area  of  research.  From  this  Workshop  came  a consensus  that  the  chances 
of  this  host  being  converted  to  an  epidemic  patnogen  are  negligible. 

September  27,  1977  RAC-PROPOSED  REVISIONS  PUBLISHED 

Early  in  1977  the  RAC  (the  scientific  and  technical  committee  responsible 
for  proposing  revisions  to  the  Guidelines)  began  its  task  of  identifying 
changes  needed  in  the  Guidelines  and  forwarded  suggestions  to  tne 
Director  of  NIH  for  consideration.  The  RAC-proposed  revisions  were 
published  in  the  Federal  Register  on  September  27,  1977  in  order  to 
solicit  public  comment  and  review  for  subsequent  NIH  consideration. 

October  1977  ENVIRONMENTAL  IMPACT  STATEMENT  (FINAL)  PUBLISHED 

Comments  received  in  response  to  the  draft  statement  were  analyzed  and 
responded  to  in  the  final  Environmental  Impact  Statement  published  by  NIH. 
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November  1977  INTERAGENCY  COMMITTEE  REPORT  ON  INTERNATIONAL  ACTIVITIES 


This  50-page  report,  submitted  to  the  Secretary,  HEW,  recommended  that 
the  Federal  Government  agencies  "continue  to  work  closely  with  national, 
international,  and  regional  organizations  to  promote  safeguards  and 
disseminate  relevant  information.  In  the  Committee's  view,  no  formal 
governmental  action  is  necessary  at  present  to  produce  international 
control  by  means  of  treaty  or  convention.  The  Committee  emphasizes 
that  the  Biological  Weapons  Convention  prohibits  the  use  of  recombinant 
DNA  for  biological  warfare." 

December  15-16,  1977  DAC  MEETING 

Called  in  order  to  review  the  RAC-proposed  revisions  and  public  comment 
thereon,  the  DAC  (charged  with  public  oversight)  held  a public  meeting, 
notice  of  which  had  appeared  in  the  Federal  Register  in  October.  There 
was  almost  unanimous  agreement  that  the  original  Guidelines  badly  needed 
updating  and  numerous  suggestions  were  made  regarding  the  directions  that 
revisions  should  take.  Much  of  the  discussion  at  the  December  DAC  meet- 
ing affirmed  the  need  for  continuous  reevaluation  of  the  scientific 
premises  underlying  the  original  Guidelines.  Concerns  were  voiced  that 
some  of  the  requirements  of  the  proposed  revisions  were  too  stringent. 

January  5-December  22,  1977  FIRST  SESSION,  95th  CONGRESS,  CONSIDERS 

LEGISLATION 

Sixteen  bills  on  the  topic  of  recombinant  DNA  were  introduced.  Four 
different  Committees  held  a total  of  25  hearings  or  mark-up  sessions, 
listening  to  nearly  100  witnesses.  Neither  the  Senate  nor  the  House 
passed  any  of  the  proposed  legislation. 


MAJOR  EVENTS:  1978 

January  26-28,  1973  ASCOT  WORKSHOP 

The  December  1977  DAC  meeting  heard  concerns  that  containment  levels 
were  set  too  stringently  for  recombinant  DNA  work  on  viruses  and 
plants.  The  "U.S.-EMBO  Workshop  to  Assess  Risks  for  Recombinant  DNA 
Experiments  Involving  the  Genomes  of  Animal,  Plant,  and  Insect  Viruses" 
was  held  in  Ascot,  England,  to  address  the  virus  aspect  of  the  problem. 
Here  experts  from  several  countries  reached  an  unequivocal  opinion 
that  the  risks  of  cloning  viral  DNA  in  a bacterium  like  E^_  coli  K-12 
are  not  greater,  and  are  usually  much  less,  than  the  risks  of  handling 
the  parent  virus  alone.  They  also  stressed  that  defective  viruses  pose 
little  risk  of  infection  when  used  as  vectors  for  cloning  DNA  in 
eukaryotic  cells,  since  the  cells  cannot  escape  in  viable  form. 
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llarch  8,  1978  MACK  v.  CALIFANO  DECISION 


The  U.S.  Court  of  Appeals,  D.C.  Circuit,  affirmed  a February  23,  1978, 
District  Court  decision  which  had  denied  an  injunction  barring  recombi- 
nant DNA  experiments  at  Ft.  Detrick  from  proceeding.  The  court  held 
that  the  NIH  had  taken  a "hard  look"  at  the  risks,  benefits,  and 
alternatives  involved  in  governing  recombinant  DNA  research,  and  had 
complied  with  the  legislative  mandates  of  NEPA  through  its  EIS. 

lUrch. 1978  VOLUME  2 PUBLISHED 

This  volume  covers  June  1976-November  1977,  including  documents 
relating  to  DHEW  patent  policy,  activities  of  the  Federal  Interagency 
Committee,  the  EIS,  and  Federal  legislation. 

March  20-21,  1978  WORKSHOP  ON  AGRICULTURAL  PATHOGENS 

In  order  to  consider  the  containment  conditions  for  incorporation  of 
DNA  from  plant  pathogens  into  E_^  col i K-12  and  for  use  of  viral  and 
other  vectors  in  plants,  the  "Workshop  on  Risk  Assessment  of  Agricul- 
tural Pathogens"  was  held  in  Washington,  D.C.,  under  the  auspices  of 
NIH,  NSF,  and  the  Department  of  Agriculture.  An  important  conclusion 
of  this  workshop  was  its  finding  that  there  is  a lack  of  evidence  that 
E.  coli  K-12,  or  iny  other  strain  of  this  bacterium,  is  capable  of 
acquiring  an  ecological  niche  in  plants  and  thus  infecting  them. 

April  6-7,  1978  REVIEW  OF  ASCOT  BY  U.S.  WORKING  GROUP 

Meeting  in  Bethesda,  Maryland  and  chaired  by  Dr.  Harold  Ginsberg,  this 
working  group  of  U.S.  virologists  reviewed  the  results  of  the  Ascot 
meeting  and  converted  them  into  recommendations  for  revision  of  the 
Guidelines.  It  agreed  that  the  original  Guidelines  imposed  stricter 
containment  on  use  of  viral  DNA  or  of  viruses  as  vectors  than  was 
justified  by  available  scientific  evidence,  and  recommended  changes. 

April  27-28,  1978  RAC  REVIEW  OF  WORKSHOPS 

The  RAC  considered  the  recommendations  concerning  viruses  and  plants 
and  adopted  most  of  them.  They  also  proposed  further  revisions  on  the 
basis  of  suggestions  by  the  public  commentators  as  identified  by  the 
Director,  NIH. 

July  28,  1978  PROPOSED  REVISED  GUIDELINES/DECISION  OF  THE  DIRECTOR/ 
ENVIRONMENTAL  IMPACT  ASSESSMENT  PUBLISHED 

The  Director,  NIH,  developed  "Proposed  Revised  Guidelines — NIH"  on  the 
basis  of  suggestions  made  by  public  commentators  and  the  above-described 
scientific  task  forces,  taking  into  account  the  RAC  recommendations. 

With  the  approval  of  the  Secretary,  HEW,  and  the  Assistant  Secretary  for 
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Health,  the  "Proposed  Revised  Guidelines — NIH,"  accompanied  by  the 
"Decision  of  the  Director,  NIH"  and  an  "Environmental  Impact  Assessment," 
were  published  in  the  Federal  Register  in  order  to  allow  an  additional 
opportunity  for  public  comment  and  review. 

July  1978  LABORATORY  SAFETY  MONOGRAPH  PUBLISHED 

This  monograph  is  a 226-page  supplement  to  the  "Proposed  Revised 
Guidelines — NIH,"  prepared  by  the  Special  Committee  of  Safety  and 
Health  Experts,  chaired  by  Dr.  Emmett  Barkley. 


September  15,  1978  PUBLIC  HEARING  TO  BE  HELD  ON  PROPOSED  REVISED  GUIDELINES 


September  26,  1978  LAST  DAY  OF  60-DAY  PUBLIC  COMMENT  PERIOD 
September  1978  VOLUME  3 TO  BE  PUBLISHED  COVERING  SEPTEMBER  1977- JULY  1978 
November  10,  1978  DEADLINE  FOR  PROMULGATION  OF  FINAL  REVISED  GUIDELINES 
January  19,  1978 

to  present  SECOND  SESSION,  95th  CONGRESS,  CONSIDERS  LEGISLATION 

The  House  has  held  two  hearings  and  three  mark-up  sessions.  During 
th  is  time,  one  bill  on  this  topic,  H.R.  11192  (Representatives  Staggers 
and  Rogers)  was  introduced.  In  the  Senate,  Amendment  1913  to  S.1217 
(a  version  of  the  Staggers-Rogers  bill)  was  introduced.  At  this  time, 
it  appears  unlikely  that  any  legislation  will  pass  this  session. 
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